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  ﭼﻜﻴﺪه
ﻛﻪ ﻣﺴﺌﻮل ﺷﻜﻮﻓﺎﻳﻲ  sediocirkylop muinidolhcoCدر اﻳﻦ ﺗﺤﻘﻴﻖ، ﻣﺎ ﻣﻜﺎﻧﻴﺴﻢ ﻫﺎي ﺳﻴﺘﻮﺗﻮﻛﺴﻴﻚ ﻋﺼﺎره آﺑﻲ 
ﺑﻮد، را در ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي  8002-9002ﺟﻠﺒﻜﻲ ﺷﺪﻳﺪ و ﮔﺴﺘﺮده در ﺧﻠﻴﺞ ﻓﺎرس و درﻳﺎي ﻋﻤﺎن ﻃﻲ ﺳﺎل ﻫﺎي 
ﻋﻼوه ﺑﺮ اﻳﻦ، ﻧﻘﺶ اﺳﺘﺮس . دﻳﻢﻛﺒﺪ ﺟﺪا ﺷﺪه ﻣﻮش ﺻﺤﺮاﻳﻲ و ﻣﺎﻫﻲ ﻗﺰل آﻻ ﻣﻮرد ﺑﺮرﺳﻲ و ﻣﻘﺎﻳﺴﻪ ﻗﺮار دا
. ﻧﻴﺰ ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﮔﺮﻓﺖ( ﻣﺮگ ﺑﺮﻧﺎﻣﻪ رﻳﺰي ﺷﺪه ﺳﻠﻮﻟﻲ)اﻛﺴﻴﺪاﺗﻴﻮ و ﻣﻴﺘﻮﻛﻨﺪري در اﻟﻘﺎي آﭘﻮﭘﺘﻮزﻳﺲ 
ﺗﻮﻟﻴﺪي ﻛﺒﺪي، دي  "SOR"ﺑﺮاي ﺗﻌﻴﻴﻦ ﻣﻴﺰان . ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي اﻳﺰوﻟﻪ ﺑﺎ ﭘﺮﻓﻴﻮژن ﻛﺒﺪ ﺗﻮﺳﻂ ﻛﻼژﻧﺎز ﺑﻪ دﺳﺖ آﻣﺪ
، ﺑﺮاي ﺗﻌﻴﻴﻦ 321ﺟﺬب رﻧﮓ ﻓﻠﻮرﺳﻨﺖ ﻛﺎﺗﻴﻮﻧﻲ، روداﻣﻴﻦ . ف اﺳﺘﻔﺎده ﺷﺪﻛﻠﺮوﻓﻠﻮرﺳﻴﻦ دي اﺳﺘﺎت ﺑﻪ ﻋﻨﻮان ﻣﻌﺮ
ﺟﺬب رﻧﮓ ﻓﻠﻮرﺳﻨﺖ آﻛﺮﻳﺪﻳﻦ اوراﻧﮋ ﺑﺮاي ﺗﻌﻴﻴﻦ آﺳﻴﺐ . ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي اﺳﺘﻔﺎده ﺷﺪ
ﻓﻌﺎﻟﻴﺖ . ﺑﺎ روﺷﻲ اﺳﭙﻜﺘﺮوﻓﺘﻮﻣﺘﺮﻳﻚ ﺗﻌﻴﻴﻦ ﺷﺪ GSSGو  HSG. ﻏﺸﺎي ﻟﻴﺰوزوﻣﻲ ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي اﺳﺘﻔﺎده ﺷﺪ
ﻣﺤﺼﻮل ﺷﺮﻛﺖ ﺳﻴﮕﻤﺎ و ﻛﻴﺖ  3و ﻓﻨﻮﺗﻴﭗ آﭘﻮﭘﺘﻮز ﺑﻪ ﺗﺮﺗﻴﺐ ﺑﺎ اﺳﺘﻔﺎده از ﻛﻴﺖ ﺳﻨﺠﺶ ﻓﻌﺎﻟﻴﺖ ﻛﺎﺳﭙﺎز  3ﻛﺎﺳﭙﺎز
  .ﺗﺸﺨﻴﺺ آﭘﻮﭘﺘﻮز ﻣﺤﺼﻮل ﺷﺮﻛﺖ ﺳﻴﮕﻤﺎ آﻟﺪرﻳﭻ ﺑﺮرﺳﻲ ﺷﺪ
اﻧﻜﻮﺑﺎﺳﻴﻮن ﻋﺼﺎره ﺟﻠﺒﻚ ﺑﺎ ﺳﻠﻮﻟﻬﺎي اﻳﺰوﻟﻪ ﻛﺒﺪ رت، ﺑﺎﻋﺚ ﻟﻴﺰ ﻏﺸﺎ ﺳﻠﻮﻟﻬﺎ، ﺗﺸﻜﻴﻞ ﮔﻮﻧﻪ ﻫﺎي ﻓﻌﺎل اﻛﺴﻴﮋن 
 / PTAو اﻓﺰاﻳﺶ در ﻧﺴﺒﺖ  PTAﺗﻴﻮن، ﺳﻘﻮط  ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري، ﺗﺨﻠﻴﻪ ، ﻛﺎﻫﺶ ذﺧﺎﻳﺮ ﮔﻠﻮﺗﺎ(SOR)
آﻧﺘﻲ . ﺑﻪ ﺳﻴﺘﻮزول، ﻓﻌﺎل ﺷﺪن آﺑﺸﺎر ﻛﺎﺳﭙﺎزي و ﻇﻬﻮر ﻓﻨﻮﺗﻴﭗ آﭘﻮﭘﺘﻮز ﮔﺮدﻳﺪ C، آزادي ﺳﻴﺘﻮﻛﺮوم PDA
، (OSMDﻣﺎﻧﻴﺘﻮل و )، ﺟﺬب ﻛﻨﻨﺪه ﻫﺎي رادﻳﻜﺎل ﻫﻴﺪروﻛﺴﻴﻞ (THBﺗﻮﻛﻮﻓﺮول ﺳﻮﻛﺴﻴﻨﺎت و -α)اﻛﺴﻴﺪان ﻫﺎ 
، (ﺳﻴﻜﻠﻮﺳﭙﻮرﻳﻦ، ﻛﺎرﻧﻴﺘﻴﻦ و ﺗﺮي ﻓﻠﻮﭘﺮازﻳﻦ( )TPM)ﻛﻨﻨﺪه ﻫﺎي روزﻧﻪ ي ﻧﻔﻮذﭘﺬﻳﺮي ﻣﻴﺘﻮﻛﻨﺪري ﻣﺴﺪود 
ﻓﻨﻴﻞ اﻳﻤﻴﺪازول و ) 1E2PYC، ﻣﻬﺎر ﻛﻨﻨﺪه ﻫﺎي (دي ﻓﻨﻴﻞ ﻳﺪوﻧﻴﻮم ﻛﻠﺮﻳﺪ) ردوﻛﺘﺎز  054P HPDANﻣﻬﺎرﻛﻨﻨﺪه ﻫﺎي 
و  3-esapsacﺚ ﻣﻬﺎر ﻓﻌﺎل ﺷﺪن ﺑﺎﻋ( ﮔﻠﻮﺗﺎﻣﻴﻦ، ﻓﺮوﻛﺘﻮز و زاﻳﻠﻴﺘﻮل- L) PTAو ﺗﻮﻟﻴﺪ ﻛﻨﻨﺪﮔﺎن ( ﻣﺘﻴﻞ ﭘﻴﺮازول-4
داده ﻫﺎي ﻣﺎ ﻧﺸﺎن داد ﻛﻪ ﻋﺼﺎره ﺟﻠﺒﻚ ﺳﻴﮕﻨﺎﻟﻴﻨﮓ آﭘﻮﭘﺘﻮز را از ﻃﺮﻳﻖ اﺳﺘﺮس . ﻣﺮگ ﺳﻠﻮﻟﻲ ﮔﺮدﻳﺪﻧﺪ
 TPMﺑﻪ ﻃﻮر ﻣﺴﺘﻘﻴﻢ ﻣﻲ ﺗﻮاﻧﺪ در ﺑﺎز ﺷﺪن ﻣﻨﺎﻓﺬ  SORﺗﺸﻜﻴﻞ . اﻛﺴﻴﺪاﺗﻴﻮ و ﻣﺴﻴﺮ ﻣﻴﺘﻮﻛﻨﺪرﻳﺎﻳﻲ ﻓﻌﺎل ﻣﻲ ﻛﻨﺪ
ﺑﺮ ﺳﻠﻮﻟﻬﺎي  sediocirkylop.Cداﺷﺘﻪ ﺑﺎﺷﺪ ﻛﻪ ﻣﻨﺠﺮ ﺑﻪ اﺛﺮات ﺳﻤﻲ ﻣﻴﺘﻮﻛﻨﺪرﻳﺎﻳﻲ و ﻓﻌﺎل ﺷﺪن آﺑﺸﺎر ﻛﺎﺳﭙﺎزي ﻧﻘﺶ 
اﻳﻦ ﻳﺎﻓﺘﻪ ﻫﺎ ﻣﻨﺠﺮ ﺑﻪ درك ﺑﻬﺘﺮي از اﺛﺮات ﺳﻤﻲ . ﻛﺒﺪي اﻳﺰوﻟﻪ ﻣﻮش ﺻﺤﺮاﻳﻲ و ﻣﺎﻫﻲ ﻗﺰل آﻻ ﻣﻲ ﮔﺮدد
   ﻃﺮح ﻫﺎي ﺗﺤﻘﻴﻘﺎﺗﻲ ﮔﺰارش ﻧﻬﺎﻳﻲ   /2
ﻧﺘﺎﻳﺞ ﻣﺎ ﺣﺴﺎﺳﻴﺖ ﺑﺎﻻﺗﺮ ﮔﻮﻧﻪ ي آﺑﺰي ﺑﻪ . ﺑﺮ روي ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪ ﭘﺴﺘﺎﻧﺪاران و آﺑﺰﻳﺎن ﻣﻲ ﮔﺮدد sediocirkylop.C
از ﻃﺮف . ﻧﺴﺒﺖ ﺑﻪ ﮔﻮﻧﻪ ي ﭘﺴﺘﺎﻧﺪار ﻣﻮرد آزﻣﺎﻳﺶ ﻧﺸﺎن داد( ﺑﻴﺶ از دوﻳﺴﺖ ﺑﺮاﺑﺮ)  sediocirkylop.Cت ﺳﻤﻲ اﺛﺮا
دﻳﮕﺮ در ﺳﻠﻮل ﻫﺎي ﻫﭙﺎﺗﻮﺳﻴﺖ ﻣﺎﻫﻲ اﺛﺮات ﺳﻤﻲ ﻋﺼﺎره ﺟﻠﺒﻚ ﺑﺮ ﻏﺸﺎي ﻟﻴﺰوزوﻣﻲ ﻣﺸﺎﻫﺪه ﮔﺮدﻳﺪ ﻛﻪ در 
  .ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ ﻣﺸﺎﻫﺪه ﻧﮕﺮدﻳﺪ
  ل آﻻ و ﻣﻮش، ﺧﻠﻴﺞ ﻓﺎرس ، اﻳﺮانﻛﻮﻛﻠﻮدﻳﻨﻴﻮم،ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ، ﻗﺰ:ﻛﻠﻤﺎت ﻛﻠﻴﺪي
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 ﻣﻘﺪﻣﻪ -1
ﺑﻪ ﻋﻨﻮان ﺗﻬﺪﻳﺪ ﻣﻬﻤﻲ ﺑﺮاي ﻣﺎﻫﻴﮕﻴﺮي، ﺑﻬﺪاﺷﺖ ﻋﻤﻮﻣﻲ   ﻳﺎ ﺷﻜﻮﻓﺎﻳﻲ ﺟﻠﺒﻜﻲ ﻣﻀﺮ( BAH)lufmrah   moolb lagla
و اﻗﺘﺼﺎد ﻣﻄﺮح ﻫﺴﺘﻨﺪ و ﻣﻲ ﺗﻮاﻧﻨﺪ ﺑﺎﻋﺚ ﺗﻐﻴﻴﺮ رﻧﮓ آب، ﺑﺮوز ﺳﻤﻴﺖ در اﻧﺴﺎن و ﺟﺎﻧﺪاران آﺑﺰي و ﺗﺨﺮﻳﺐ 
  ﺟﻐﺮاﻓﻴﺎﻳﻲﺳﺎل ﻫﺎي اﺧﻴﺮ ﻣﻴﺰان ﺑﺮوز، ﻃﻮل دوره ﺑﺮوز و ﻣﻴﺰان ﺗﻮزﻳﻊ  در. )6002 ,.la te adnuS(اﻛﻮﺳﻴﺴﺘﻢ آﺑﻲ ﺷﻮﻧﺪ
 ﻛﺮه ي زﻣﻴﻦﮔﺮم ﺷﺪن  و ﺑﻪ ﻧﻈﺮ ﻣﻲ رﺳﺪ ﻛﻪ اﻳﻦ اﻓﺰاﻳﺶ ﺑﺎ درﺟﻪ آﻟﻮدﮔﻲ ﺳﺎﺣﻠﻲ .اﻓﺰاﻳﺶ ﻳﺎﻓﺘﻪ اﺳﺖ BAHﻫﺎ 
ﺿﺮر  ﻧﻴﺰ ﻧﻮﻋﻲ ﺑﻠﻜﻪ آﻟﻮدﮔﻲ ﺳﺎﺣﻠﻲ ﻧﺎﺷﻲ از آن ﻧﻪ ﺗﻨﻬﺎ ﻣﺮگ وﻣﻴﺮ ﻣﺎﻫﻲ ﻫﺎ، ﺑﻪ ﻃﻮر ﻛﻠﻲ، .در ارﺗﺒﺎط ﺑﺎﺷﺪ
  .(8002 .la te erooM) اﻗﺘﺼﺎدي اﺳﺖ
 دﻳﻨﻮﻓﻼژﻻﺗﻪ در ژاﭘﻦ، ﻳﻲ از ﺗﺠﻤﻌﺎتﻫﺎ edit deR. ﻫﺎي ﺛﺒﺖ ﺷﺪه دﻳﻮﺗﺎژﻛﺪان ﻫﺎ ﺑﻮده اﻧﺪ BAHﻋﺎﻣﻞ ﺑﺴﻴﺎري از 
ﻛﺮده وارد  در اﻳﻦ ﻣﻨﺎﻃﻖ ﻣﺎﻫﻲ ﻫﺎ ﺟﻤﻌﻴﺖﻳﺪي ﺑﻪ آﺳﻴﺐ ﻫﺎي ﺷﺪﻛﻪ ﺷﺪه اﺳﺖ  ﮔﺰارش ﻛﺮه و دﻳﮕﺮ ﻛﺸﻮرﻫﺎ
  .(9002 .la te iagaN) اﺳﺖ
ﻫﺎﻳﻲ اﺳﺖ ﻛﻪ ﺑﺎﻋﺚ ﺗﺸﻜﻴﻞ ﺗﺠﻤﻌﺎت ﺟﻠﺒﻜﻲ ﻗﺮﻣﺰ  ﻪﻟﻳﻜﻲ از ﻣﻀﺮﺗﺮﻳﻦ دﻳﻨﻮﻓﻼژ sediocirkylop muinidolhcoC
 .(2002 .la te miK) ﺑﻴﺸﺘﺮﻳﻦ ﺳﻤﻴﺖ را ﺑﺮاي ﻣﺎﻫﻲ ﻫﺎ دارد وﻣﻲ ﺷﻮد  edit der رﻧﮓ ﻳﺎ 
ﻫﻨﻮز  و ﺑﻴﺎن ﺷﺪه اﺳﺖ ﻣﻀﺮ اﻳﻦ ﺟﻤﻌﻴﺖ ﻫﺎي ﺟﻠﺒﻜﻲﺗﻮﺳﻂ اﻧﺪﻛﻲ در ﻣﻮرد ﻣﻜﺎﻧﻴﺴﻢ ﻣﺮگ ﻣﺎﻫﻲ ﻫﺎ ﻧﻈﺮﻳﻪ ﻫﺎي 
 ﮔﻮﻧﻪ ﻫﺎي ﻛﻪ ﺛﺎﺑﺖ ﺷﺪه اﺳﺖ .ﻧﺎﺷﻨﺎﺧﺘﻪ اﺳﺖ ﺗﻮﺳﻂ اﻳﻦ ﺟﻤﻌﻴﺖ ﻫﺎي ﺟﻠﺒﻜﻲﻣﺎﻫﻲ ﻫﺎ  ﻣﺮگ ﻣﻜﺎﻧﻴﺴﻢ
ﻗﺎدرﻧﺪ رادﻳﻜﺎل ﻫﺎي ﻓﻌﺎل اﻛﺴﻴﮋن را در ﺳﻠﻮل در  auqitna.Cو   aniram allenottahC، setallegalf naecyhpodihpar
  .)1991 .la te adamihS( ﻟﻲ ﺳﻠﻮﻟﻲ ﺑﺎﻻ ارﺗﺒﺎط ﻣﺴﺘﻘﻴﻢ داردﺗﻮﻟﻴﺪ رادﻳﻜﺎل ﺑﺎ ﭼﮕﺎاﻳﻦ . ﺷﺮاﻳﻂ رﺷﺪ ﺑﺴﺎزﻧﺪ
 .ﺪﻨﺗﺮﻛﻴﺒﺎت ﻧﻮروﺗﻮﻛﺴﻴﻚ ﻧﻴﺰ ﺗﻮﻟﻴﺪ ﻛﻨ allenottahCﮔﻮﻧﻪ ﻫﺎي  SORﻋﻼوه ﺑﺮ  ﻛﻪ وﺟﻮد داردﺑﻪ ﻋﻼوه اﻳﻦ اﺣﺘﻤﺎل 
 HPDANآﻧﺎﻟﻮگ  ﺳﻴﺴﺘﻢ آﻧﺰﻳﻤﻲاﻳﻦ  ﺳﻴﺴﺘﻢ آﻧﺰﻳﻤﻲ دارد ﻛﻪ aniram.Cدر ﻣﻄﺎﻟﻪ اﺧﻴﺮ ﺛﺎﺑﺖ ﺷﺪه اﺳﺖ ﻛﻪ 
ﺷﻮاﻫﺪ ﻗﻮي ﭘﻴﺸﻨﻬﺎد ﻣﻲ ﻛﻨﻨﺪ . (0002,.la te miK.)ﻣﻨﺒﻊ ﺗﻮﻟﻴﺪ ﻛﻨﻨﺪه آﻧﻴﻮن ﺳﻮﭘﺮاﻛﺴﻴﺪ اﺳﺖ واﻛﺴﻴﺪاز ﻧﻮﺗﺮوﻓﻴﻞ اﻧﺴﺎﻧﻲ 
 .(0002 .la te snessnaJ)اﺳﺖﻣﺮگ ﻣﺎﻫﻲ ﻫﺎ  ﺑﺴﻴﺎر ﻣﻬﻤﻲ در ﻓﺎﻛﺘﻮر allenottahCﺗﻮﻟﻴﺪ ﺷﺪه ﺗﻮﺳﻂ ﮔﻮﻧﻪ  SORﻛﻪ 
   ﻃﺮح ﻫﺎي ﺗﺤﻘﻴﻘﺎﺗﻲ ﮔﺰارش ﻧﻬﺎﻳﻲ   /4
،  owihsaka amgisoreteHﻣﺎﻧﻨﺪ  eaecyhpodihpaRﺑﺮﺧﻲ دﻳﮕﺮ از ﺟﻠﺒﻚ ﻫﺎي ﺧﺎﻧﻮاده ي  ﻛﻪﻣﺸﺨﺺ ﺷﺪه اﺳﺖ  
ﻛﻞ اﻳﻦ ﺧﺎﻧﻮاده ي ﺟﻠﺒﻜﻲ ﻣﻲ ﻛﻨﻨﺪ وﺑﻪ ﻧﻈﺮ ﻣﻲ رﺳﺪ  SORﻧﻴﺰ ﺗﻮﻟﻴﺪ   acinopaj aspacorbiFو suetul sucsidohtsilO
  .(7991 .la te adO)ﻣﻲ ﻛﻨﻨﺪ   ﺗﻮﻟﻴﺪ SOR
ﻣﻲ  اﻋﻤﺎلروي ﻣﺎﻫﻲ را از ﻃﺮﻳﻖ ﺗﺮﻛﻴﺒﺎت ﺑﻴﻮاﻛﺘﻴﻮ ﻣﻌﻴﻨﻲ  ﺧﻮد اﺛﺮات ﻣﻀﺮ sediocirkylop.Cﻛﻪ  ﮔﻔﺘﻪ ﻣﻲ ﺷﻮد
ﺗﺸﻜﻴﻞ آﻧﻴﻮن  ﺑﺎﻋﺚ sediocirkylop.Cاﻧﺪ ﻛﻪ  دهداوﻫﻤﻜﺎراﻧﺶ ﮔﺰارش  miKاز ﻃﺮف دﻳﮕﺮ  .(2002 .la te miK)ﺪﻛﻨ
ﻫﻤﺮاه ﺑﻮده  Cﺳﻴﺘﻮﻛﺮوم  ﺗﻐﻴﻴﺮ ﻣﺤﻞ ﺑﺎ ﻳﻦ رادﻳﻜﺎل ﻫﺎ ﺗﺸﻜﻴﻞ ا د ﻛﻪﺷﻮﺳﻮﭘﺮاﻛﺴﺎﻳﺪ و ﻫﻴﺪروژن ﭘﺮاﻛﺴﺎﻳﺪ ﻣﻲ 
  .(2002 .la te miK)اﺳﺖ 
اﻧﺠﺎم ﮔﺮدﻳﺪه اﺳﺖ، ﺑﺮ ﺳﻤﻲ ﺑﻮدن ﮔﻮﻧﻪ ي ﺟﻠﺒﻚ  sediocirkylop.Cﻣﻄﺎﻟﻌﺎت ﮔﻮﻧﺎﮔﻮﻧﻲ ﻛﻪ در زﻣﻴﻨﻪ ﺳﻤﻴﺖ 
 iQ ;0991 ,.la te n´amzuG 9891 ,ustamihsoY dna ikuY ;5891 ,.la te euonO: )از ﺟﻤﻠﻪ. ﺗﺎﻛﻴﺪ دارﻧﺪ sediocirkylop.C
 te ssitruC ;1002 ,.la te etyhW ;4002 ,.la te agarr ´aziL-etarr ´aG ;2002 ,9991 ,.la te miK ;8991 ,miK ;3991 ,.la te
 (.8002 ,adyamS dna samoT ;8002 ,.la te aznazA ;8002 ,.la te notnA ;8002 ,.la
ﺑﻪ ﻣﺪت ده ﻣﺎه در ﻧﺰدﻳﻜﻲ ﺗﻨﮕﻪ ي ﻫﺮﻣﺰ ﻳﻚ  9002ﺗﺎ ﻣﺎه ﻣﻲ ﺳﺎل  8002ﻓﺎﺻﻠﻪ ي زﻣﺎﻧﻲ ﻣﺎه اﮔﻮﺳﺖ ﺳﺎل  در
ﺑﻮد   sediocirkylop muinidolhcoCﻛﻪ ﻋﺎﻣﻞ آن  )0102 .la te nimaN-imimaS( ﻏﻴﺮ ﻣﻌﻤﻮل و ﻃﻮﻻﻧﻲ ﺑﺮوز ﻛﺮد  BAH
 .)0102 ,.la te akoustaM(
در ﺧﻠﻴﺞ  sediocirkylop muinidolhcoCﮔﺴﺘﺮش ﻣﻴﻜﺮوارﮔﺎﻧﻴﺴﻢ ﺖ ﻛﻪ ﺛﺎﺑﺖ ﻛﺮده اﺳآﺧﺮﻳﻦ ﻣﻄﺎﻟﻌﺎت اﻛﻮﻟﻮژﻳﻜﻲ 
از ﻣﺤﻴﻂ زﻳﺴﺖ اﻳﺮان اﻋﻼم ﻛﺮده  ﺣﻔﺎﻇﺖﺳﺎزﻣﺎن  .داده اﺳﺖ ﺻﻨﻌﺖ ﻣﺎﻫﻴﮕﻴﺮي اﻳﺮان را در ﻣﺨﺎﻃﺮه ﻗﺮار ﻓﺎرس
 ﺑﺎ اﻳﻦ ﺣﺎل ﺳﺎزﻣﺎن ﺟﺎﻧﻮر ﺷﻨﺎﺳﻲ اﻳﺮان ﻣﻲ .ﺗﻦ ﻣﺎﻫﻲ را در ﺧﻠﻴﺞ ﻓﺎرس ﻛﺸﺘﻪ اﺳﺖ 03ﺣﺪود edit derاﺳﺖ ﻛﻪ 
ﻣﻴﻠﻴﻮن  72ﺗﺎ  9ﺑﻴﻦ  ﺗﺮاﻛﻢدر ﺑﺴﻴﺎري ﻣﻨﺎﻃﻖ  .ﺗﻦ ﻣﺎﻫﻲ و ﭘﺴﺘﺎﻧﺪار درﻳﺎﻳﻲ اﺳﺖ 54 ﺣﺪوداًﺗﻠﻔﺎت  ﻛﻪ ﮔﻮﻳﺪ
ﻣﻴﻜﺮوارﮔﺎﻧﻴﺴﻢ در ﻫﺮ ﻟﻴﺘﺮ ﺛﺒﺖ ﺷﺪه اﺳﺖ ﻛﻪ ﺗﻮﺳﻂ ﺳﺎزﻣﺎن ﻣﻨﻄﻘﻪ اي ﺣﻤﺎﻳﺖ از ﻣﺤﻴﻂ زﻳﺴﺖ درﻳﺎﻳﻲ 
ﺑﺮ ﺣﺘﻲ  ﻜﻲﺟﻠﺒﮔﺴﺘﺮش اﻳﻦ ﺑﻪ ﻧﻈﺮ ﻣﻴﺮﺳﺪ ﻛﻪ  ﺑﻌﺪ از ﻣﺮگ ﭼﻨﺪﻳﻦ ﺗﻦ ﻣﺎﻫﻲ .ﮔﺰارش ﺷﺪه اﺳﺖ( EMPOR)
   .)9002 ,22 beF ,vt sserp( ﻣﻴﮕﻮﻫﺎي ﻣﻨﻄﻘﻪ ﻧﻴﺰ اﺛﺮ ﮔﺬاﺷﺘﻪ اﺳﺖ ﺟﻤﻌﻴﺖ
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ﺗﺎ ﻛﻨﻮن ﻃﺒﻖ آﻣﺎر رﺳﻤﻲ اﻋﻼم ﺷﺪه . در ﺳﺎﻳﺮ ﻛﺸﻮر ﻫﺎي ﻣﺠﺎور ﺧﻠﻴﺞ ﻓﺎرس ﻧﻴﺰ اﺛﺮاﺗﻲ داﺷﺘﻪ اﺳﺖ  edit deR
ﻛﻪ  اﺳﺖ ﺗﻦ ﻣﺎﻫﻲ ﺗﻠﻒ ﺷﺪه در ﺳﻮاﺣﻞ اﻳﻦ اﻣﻴﺮﻧﺸﻴﻦ ﻛﺸﻒ ﺷﺪه 056ﺑﻴﺶ از  اﻣﺎرات  ﺗﻮﺳﻂ ﺷﻬﺮداري ﻓﺠﻴﺮه
  .)8002 ,3 ceD ,swen batfA(اﺳﺖ edit deRﻣﺘﻬﻢ اﺻﻠﻲ 
ﻋﻠﺖ  ﺑﻲ رﻧﮓ ﺷﺪن ﻣﺮﺟﺎن ﻫﺎ اوﻟﻴﻦ ﻧﺸﺎﻧﻪ ﻣﺮگ آﻧﻬﺎﺳﺖ ﻛﻪ .اﻳﻦ ﭘﺪﻳﺪه ﺑﻪ ﻣﺮﺟﺎن ﻫﺎي درﻳﺎﻳﻲ ﻧﻴﺰ آﺳﻴﺐ ﻣﻲ زﻧﺪ
ﺗﺎ راه ﺣﻠﻲ ﺟﻬﺖ ﺗﻮﻗﻒ ﮔﺴﺘﺮش آﻟﻮدﮔﻲ ﺑﻪ  ﻳﺎﻓﺘﻨﺪداﻧﺸﻤﻨﺪان در  .ﻣﻲ ﺗﻮاﻧﺪ ﺑﺎﺷﺪ آن اﻓﺰاﻳﺶ ﮔﺴﺘﺮه ﺟﻠﺒﻜﻲ
 ﻓﺼﻮل ﮔﺮمدر   edit derزﻳﺮا ﮔﺴﺘﺮش  ﺟﻤﻌﻴﺖ ﺟﻠﺒﻜﻲ و ﭘﺪﻳﺪه .ﺪﺑﻬﺎر و ﺗﺎﺑﺴﺘﺎن ﭘﻴﺪا ﻛﻨﻨ ﺷﺮوعﺎ ﻗﺒﻞ از اﻗﻴﺎﻧﻮس ﻫ
ﻣﺎ  ﻛﺮه ي زﻣﻴﻦ،ﺷﺪن  ﺗﺮ ﮔﺮم ﺻﻮرتﻳﻜﻲ از ﻣﺴﺎﻳﻠﻲ اﺳﺖ ﻛﻪ در  edit derآﻳﺎ ﺳﻮال اﻳﻦ اﺳﺖ ﻛﻪ  .اﺗﻔﺎق ﻣﻲ اﻓﺘﺪ
  .(8002 .la te erooM)؟ﺑﺎﻳﺪ ﺷﺎﻫﺪ آن ﺑﺎﺷﻴﻢ
اﻳﻜﺘﻴﻮﺗﻮﻛﺴﻴﻚ  ﻫﺎي ﺳﻤﻴﺖ ﺑﺎﻻﺧﺺ ﻣﻜﺎﻧﻴﺴﻢ ﻫﺎي ﻣﻜﺎﻧﻴﺴﻢ ﺷﻨﺎﺧﺖﻪ ﻌﻣﻄﺎﻟ ﻳﻜﻲ از اﻫﺪاف اﺻﻠﻲ اﻧﺠﺎم اﻳﻦ
  .اﺳﺖ sediocirkylop.Cﺟﻠﺒﻚ 
را در ﻣﺮگ ﻣﺎﻫﻲ ﻫﺎ دﺧﻴﻞ داﻧﺴﺘﻪ اﻧﺪ، ﺑﻠﻜﻪ از ﻧﻘﺶ اﻳﻦ  sediocirkylop.Cﮔﺰارش ﻫﺎﻳﻲ وﺟﻮد دارﻧﺪ ﻛﻪ ﻧﻪ ﺗﻨﻬﺎ 
  .)1102 yatkreB ;0102 ,.la te ydniM ;8002 RDW(ﺮده اﻧﺪﺟﻠﺒﻚ در ﻣﺮگ ﭘﺴﺘﺎﻧﺪاران درﻳﺎﻳﻲ ﻧﻴﺰ ﺻﺤﺒﺖ ﻛ
 munidolhcoCﻳﻜﻲ از اﻫﺪاف دﻳﮕﺮ اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﻳﺎﻓﺘﻦ ﺑﻴﻨﺸﻲ اوﻟﻴﻪ از ﻗﺪرت ﺳﻢ زاﻳﻲ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
ﺑﻪ اﻳﻦ ﻣﻨﻈﻮر ﻛﻠﻴﻪ ﻣﺎرﻛﺮ ﻫﺎي ﺳﻤﻴﺖ . وﺗﺎﺛﻴﺮ آن روي ﮔﻮﻧﻪ ﻫﺎﻳﻲ از ﭘﺴﺘﺎﻧﺪاران  و آﺑﺰﻳﺎن اﺳﺖ sediocirkylop
ﻣﺮﺑﻮﻃﻪ از ﻋﺼﺎره و ﻣﺤﻴﻂ  05CEدر ﺳﻠﻮل ﻫﺎي ﻛﺒﺪي رت و ﻣﺎﻫﻲ ﻗﺰل آﻻ ﭘﺲ از ﺗﻤﺎس ﺑﺎ ﻏﻠﻈﺖ ﻫﺎي ﺳﻠﻮﻟﻲ 
رت ﻣﻮرد اﺳﺘﻔﺎده در . ﻣﻮرد اﻧﺪازه ﮔﻴﺮي و ﻣﻘﺎﻳﺴﻪ ﻗﺮارﺧﻮاﻫﺪ ﮔﺮﻓﺖ sediocirkylop muinidolhcoCرﺷﺪ ﺟﻠﺒﻚ 
ﻛﻪ ﻧﺰدﻳﻚ ﺗﺮﻳﻦ ﻛﺒﺪ را  اﺳﺖ ودﻟﻴﻞ اﻧﺘﺨﺎب آن اﻳﻦ اﺳﺖ yelwad eugarpSاﻳﻦ آزﻣﺎﻳﺶ رت اﺻﻼح ژﻧﺘﻴﻜﻲ ﺷﺪه 
 .ﺑﻪ ﻛﺒﺪ اﻧﺴﺎن از ﻟﺤﺎظ ﺗﻨﻮع و ﻓﻌﺎﻟﻴﺖ آﻧﺰﻳﻤﺎﺗﻴﻚ دارد
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   اﻫﺪاف ﺗﺤﻘﻴﻖ -1-1
ﺑﺮرﺳﻲ ﻧﻘﺶ ﮔﻮﻧﻪ ﻫﺎي ﻓﻌﺎل اﻛﺴﻴﮋن در ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ   :ﻫﺪف ﻛﻠﻲ اول .1
  .در ﺳﻠﻮﻟﻬﺎي ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ sediocirkylop muinidolhcoCﺟﻠﺒﻚ 
آﻳﺎ ﮔﻮﻧﻪ ﻫﺎي ﻓﻌﺎل اﻛﺴﻴﮋن در ﺳﻠﻮﻟﻬﺎي ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ در ﺗﻤﺎس ﺑﺎ : اﺧﺘﺼﺎﺻﻲﻫﺪف  
ﻧﺴﺒﺖ ﺑﻪ ﮔﺮوه ﻛﻨﺘﺮل  sediocirkylop muinidolhcoCﻏﻠﻈﺖ ﺳﻤﻲ و ﻏﻴﺮﺳﻤﻲ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
 اﻓﺰاﻳﺶ ﻣﻌﻨﻲ داري ﺧﻮاﻫﺪ داﺷﺖ؟
ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ ﺑﺎ آﻳﺎ اﻓﺰاﻳﺶ ﮔﻮﻧﻪ ﻫﺎي ﻓﻌﺎل اﻛﺴﻴﮋن در ﺳﻠﻮﻟﻬﺎي : ﻫﺪف اﺧﺘﺼﺎﺻﻲ 
 ارﺗﺒﺎط ﻣﺴﺘﻘﻴﻢ دارد؟ sediocirkylop muinidolhcoCﻣﺮگ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
ﻣﻨﺒﻊ ﺳﻠﻮﻟﻲ ﻳﺎ ﻣﻠﻜﻮﻟﻲ ﺗﻮﻟﻴﺪ ﮔﻮﻧﻪ ﻫﺎي ﻓﻌﺎل اﻛﺴﻴﮋن در ﺳﻠﻮﻟﻬﺎي ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه : ﻫﺪف اﺧﺘﺼﺎﺻﻲ 
 ﭼﻴﺴﺖ؟ sediocirkylop muinidolhcoCﺟﻠﺒﻚ  رت وﻣﺎﻫﻲ در ﺗﻤﺎس ﺑﺎ ﻏﻠﻈﺖ ﺳﻤﻲ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ
ﺑﺮرﺳﻲ ﻧﻘﺶ آﺳﻴﺐ ﻣﻴﺘﻮﻛﻨﺪرﻳﺎﻳﻲ در ﻣﻜﺎﻧﻴﺴﻢ ﻣﺮگ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ  :ﻫﺪف ﻛﻠﻲ دوم .2
 .در ﺳﻠﻮﻟﻬﺎي ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ sediocirkylop muinidolhcoCﺟﻠﺒﻚ 
ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ در آﻳﺎ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي داﺧﻠﻲ ﻣﻴﺘﻮﻛﻨﺪري در ﺳﻠﻮﻟﻬﺎي : ﻫﺪف اﺧﺘﺼﺎﺻﻲ 
 دﭼﺎر اﻓﺖ ﻣﻌﻨﻲ دار ﻣﻲ ﺷﻮد؟  sediocirkylop muinidolhcoCﺗﻤﺎس ﺑﺎ ﻏﻠﻈﺖ ﺳﻤﻲ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
آﻳﺎ اﻓﺖ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي داﺧﻠﻲ ﻣﻴﺘﻮﻛﻨﺪري ارﺗﺒﺎط ﻣﺴﺘﻘﻴﻤﻲ ﺑﺎ ﻣﺮگ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از : ﻫﺪف اﺧﺘﺼﺎﺻﻲ 
  دارد؟ sediocirkylop muinidolhcoCﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
ﺑﺮرﺳﻲ ﻧﻘﺶ آﺳﻴﺐ ﻟﻴﺰوزوﻣﻲ در ﻣﻜﺎﻧﻴﺴﻢ ﻣﺮگ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ : ﻫﺪف ﻛﻠﻲ ﺳﻮم .3
  .در ﺳﻠﻮﻟﻬﺎي ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ sediocirkylop muinidolhcoCﺟﻠﺒﻚ 
آﻳﺎ ﻏﺸﺎي ﻟﻴﺰوزوم ﺳﻠﻮﻟﻬﺎي ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ در ﺗﻤﺎس ﺑﺎ ﻏﻠﻈﺖ ﺳﻤﻲ : ﻫﺪف اﺧﺘﺼﺎﺻﻲ 
ﻣﻌﻨﻲ دار ﻣﻲ ( ﻧﺸﺘﻲ ) دﭼﺎر آﺳﻴﺐ دﻳﺪﮔﻲ  sediocirkylop muinidolhcoCره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ ﻋﺼﺎ
 ﺷﻮد؟ 
آﻳﺎ آﺳﻴﺐ دﻳﺪن ﻏﺸﺎي ﻟﻴﺰوزوم ﻫﺎ ارﺗﺒﺎط ﻣﺴﺘﻘﻴﻤﻲ ﺑﺎ ﻣﺮگ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﻋﺼﺎره و : ﻫﺪف اﺧﺘﺼﺎﺻﻲ  
  دارد؟ sediocirkylop muinidolhcoCﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
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ﻛﺎﺳﭙﺎزﻫﺎ  در ﻣﻜﺎﻧﻴﺴﻢ  ﺳﻤﻴﺖ  ﺳﻠﻮﻟﻲ  ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺑﺮرﺳﻲ ﻧﻘﺶ آﻧﺰﻳﻤﻲ : ﻫﺪف ﻛﻠﻲ ﭼﻬﺎرم .4
  .و ﺗﺸﺨﻴﺺ ﻓﻨﻮﺗﻴﭗ آﭘﻮﭘﺘﻮز sediocirkylop muinidolhcoCﺟﻠﺒﻚ  
اﻓﺰاﻳﺶ  sediocirkylop muinidolhcoCآﻳﺎ درروﻧﺪ ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ : ﻫﺪف اﺧﺘﺼﺎﺻﻲ 
 ﻣﺸﺎﻫﺪه ﻣﻲ ﺷﻮد؟ ( ﻲ ﻧﻬﺎﻳﻲ آﭘﻮﭘﺘﻮزﻣﻴﺎﻧﺠ) 3ﻣﻌﻨﻲ داري در ﻓﻌﺎﻟﻴﺖ آﻧﺰﻳﻤﻲ ﻛﺎﺳﭙﺎزﻫﺎ ﺑﺨﺼﻮص ﻛﺎﺳﭙﺎز
 آﻳﺎ ﻓﻨﻮﺗﻴﭗ آﭘﻮﭘﺘﻮز ﺗﺎﻳﻴﺪ ﻣﻴﺸﻮد ﻳﺎ ﻧﻪ؟ :ﻫﺪف اﺧﺘﺼﺎﺻﻲ 
در ﺳﻠﻮل ﻫﺎي  sediocirkylop muinidolhcoCﻣﻘﺎﻳﺴﻪ ﺳﻤﻴﺖ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ : ﻫﺪف ﻛﻠﻲ ﭘﻨﺠﻢ .5
 (.ﻣﺎﻫﻲ ﻗﺰل آﻻ)و آﺑﺰﻳﺎن( رت)ﭘﺴﺘﺎﻧﺪاران
 ﻣﺎﻫﻲ ﺗﻔﺎوت ﻣﻌﻨﻲ داري دارد؟در دو ﮔﻮﻧﻪ ي رت و   05CEآﻳﺎ ﻏﻠﻈﺖ : ﻫﺪف اﺧﺘﺼﺎﺻﻲ 
، آﺳﻴﺐ (SOR)آﻳﺎ ﻣﻜﺎﻧﻴﺴﻢ ﻫﺎي ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﺷﺎﻣﻞ ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل اﻛﺴﻴﮋن : ﻫﺪف اﺧﺘﺼﺎﺻﻲ 
، ﺑﺎز ﺷﺪن روزﻧﻪ ﻧﻔﻮذﭘﺬﻳﺮي ﻣﻮﻗﺖ ﻏﺸﺎي (HSG)ﻟﻴﺰوزوم ﻫﺎي ﺳﻠﻮﻟﻲ، ﺗﺨﻠﻴﻪ ﮔﻠﻮﺗﺎﺗﻴﻮن 
 در دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ﺗﻔﺎوت ﻣﻌﻨﻲ داري دارد؟( TPM)ﻣﻴﺘﻮﻛﻨﺪري
 muinidolhcoCﺳﻤﻴﺘﻲ ﻣﺘﻔﺎوت از ﻣﺤﻴﻂ رﺷﺪ  sediocirkylop muinidolhcoCره ي ﺳﻠﻮﻟﻲ آﻳﺎ ﻋﺼﺎ 
 دارد؟ sediocirkylop
  
  ﻃﺮح ﻓﺮﺿﻴﻪ -1-2
ﺑﺎﻋﺚ اﻓﺰاﻳﺶ ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل اﻛﺴﻴﮋن  sediocirkylop muinidolhcoCﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  •
اﺻﻠﻲ اﻟﻘﺎي ﺳﻤﻴﺖ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺳﻠﻮﻟﻲ ﻣﻲ ﺗﻮاﻧﺪ از ﻋﻠﻞ  SOR، ﻣﻲ ﺷﻮد ﻛﻪ اﻳﻦ اﻓﺰاﻳﺶ (SOR)
 .در دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ﺑﺎﺷﺪ sediocirkylop muinidolhcoCﺟﻠﺒﻚ 
در ﻓﻌﺎل ﺳﺎزي ﻣﺘﺎﺑﻮﻟﻴﻚ و روﻧﺪ وﻗﻮع ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ   054pﺳﻴﺴﺘﻢ ﺳﻴﺘﻮﻛﺮوم  •
 .در دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ﻧﻘﺶ ﺧﻮاﻫﺪ داﺷﺖ sediocirkylop muinidolhcoC
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 muinidolhcoCن ﻟﻴﺰوزوم ﻫﺎي ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﺗﻤﺎس ﺳﻠﻮل ﺑﺎ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ آﺳﻴﺐ دﻳﺪ •
 sediocirkylop muinidolhcoC، ﻣﻲ ﺗﻮاﻧﺪ در روﻧﺪ ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ sediocirkylop
 .در دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ﺷﺮﻛﺖ ﻛﻨﺪ
در ﺳﻠﻮﻟﻬﺎي  sediocirkylop muinidolhcoCﻣﻜﺎﻧﻴﺴﻢ اﺻﻠﻲ ﻣﺮگ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  •
ﻣﻲ ( TPM)ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ، اﺛﺮ اﻳﻦ ﺗﺮﻛﻴﺐ ﺑﺮ روزﻧﻪ ﻧﻔﻮذﭘﺬﻳﺮي ﻣﻮﻗﺖ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري
در دو ﮔﻮﻧﻪ ي رت و  sediocirkylop muinidolhcoCﻣﺮگ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ . ﺑﺎﺷﺪ
ﻮده ﺷﺪن روزﻧﻪ ﻧﻔﻮذﭘﺬﻳﺮي ﻣﻮﻗﺖ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري در ﺳﻴﺘﻮﭘﻼﺳﻢ ﻣﺎﻫﻲ، از ﻃﺮﻳﻖ ﻓﺎﻛﺘﻮر ﻫﺎﻳﻲ ﻛﻪ ﻣﺘﻌﺎﻗﺐ ﮔﺸ
  .رﻫﺎ ﻣﻲ ﺷﻮد، ﺳﻴﮕﻨﺎل ﻣﻲ ﮔﺮدد ﻛﻪ در ﻧﻬﺎﻳﺖ ﺑﻮﺳﻴﻠﺔ ﻓﻌﺎل ﺷﺪن آﺑﺸﺎر آﻧﺰﻳﻤﻲ ﻛﺎﺳﭙﺎزﻫﺎ ﺑﻪ اﻧﺠﺎم ﻣﻲ رﺳﺪ
. ، ﺑﺮاي زدودن ﮔﻮﻧﻪ ﻫﺎي ﻓﻌﺎل اﻛﺴﻴﮋن در دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ﻣﻮرد ﻧﻴﺎز ﺳﻠﻮل اﺳﺖ(HSG)ﮔﻠﻮﺗﺎﺗﻴﻮن  •
 muinidolhcoCﻟﻬﺎﻳﻲ ﻛﻪ ﻓﺎﻗﺪ ﻣﻘﺎدﻳﺮ ﻣﻨﺎﺳﺒﻲ از آن ﺑﺎﺷﻨﺪ ﻧﺴﺒﺖ ﺑﻪ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ ﺑﻨﺎﺑﺮاﻳﻦ ﺳﻠﻮ
 .آﺳﻴﺐ ﭘﺬﻳﺮﺗﺮﻧﺪ sediocirkylop
اﻟﻘﺎ ﻣﻲ ﺷﻮد و ﻓﻨﻮﺗﻴﭗ آﭘﻮﭘﺘﻮز ﻣﺸﺎﻫﺪه  sediocirkylop muinidolhcoCآﭘﻮﭘﺘﻮز ﻣﺮﮔﻲ اﺳﺖ ﻛﻪ ﺗﻮﺳﻂ ﺟﻠﺒﻚ  •
  .ﺧﻮاﻫﺪ ﺷﺪ
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  و ﭘﺮوﺗﻜﻠﻬﺎي ﺗﺤﻘﻴﻖ ﻫﺎ روش -2
  ﻞ ﺗﺤﻘﻴﻖ ﻫﺪف ﻛﻠﻲ اول وﺗﻜﭘﺮ  -2-1
در ﺳﻠﻮﻟﻬﺎي ﻫﭙﺎﺗﻮﺳﻴﺖ اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ، ﭘﺲ از اﻓﺰودن  )SOR(ﻣﻴﺰان ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل اﻛﺴﻴﮋن 
ﺑﻪ ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮﻟﻲ در  sediocirkylop muinidolhcoCﻣﺮﺑﻮﻃﻪ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﻏﻠﻈﺖ ﻫﺎي 
ﺑﻊ ﻣﺨﺘﻠﻔﻲ در ﺳﻠﻮل ﻣﻲ ﺗﻮاﻧﻨﺪ در اﻓﺰاﻳﺶ ﻣﻴﺰان ﺗﻮﻟﻴﺪ از آﻧﺠﺎﻳﻲ ﻛﻪ ﻣﻨﺎ. زﻣﺎﻧﻬﺎي ﻣﺘﻮاﻟﻲ اﻧﺪازه ﮔﻴﺮي ﺷﺪ
رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل اﻛﺴﻴﮋن اﻳﻔﺎي ﻧﻘﺶ ﻛﻨﻨﺪ، ﺟﻬﺖ ﺗﻌﻴﻴﻦ ﻣﻨﺒﻊ اﺻﻠﻲ ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل اﻛﺴﻴﮋن در ﺳﻠﻮﻟﻬﺎي 
، از ﻣﻬﺎرﻛﻨﻨﺪه ﻫﺎي اﺧﺘﺼﺎﺻﻲ sediocirkylop muinidolhcoCﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEدر ﺗﻤﺎس ﺑﺎ ﻏﻠﻈﺖ 
ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ  05CEﺑﺮاي اﻳﻦ ﻣﻨﻈﻮر، ﻣﻬﺎرﻛﻨﻨﺪه ﻫﺎي اﺧﺘﺼﺎﺻﻲ را ﭘﻴﺶ از اﻓﺰودن ﻏﻠﻈﺖ . ﺷﺪآن اﺳﺘﻔﺎده 
ﺑﻪ ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮﻟﻲ، ﺑﺎ ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي اﻳﺰوﻟﻪ ﺷﺪه رت وﻣﺎﻫﻲ، ﭘﺮه اﻧﻜﻮﺑﻪ  sediocirkylop muinidolhcoCﺟﻠﺒﻚ 
ر اﻳﺠﺎد رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل د sediocirkylop muinidolhcoC ﻛﺮده و ﺳﭙﺲ ﺗﻮاﻧﺎﻳﻲ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ
  .اﻛﺴﻴﮋن و اﻟﻘﺎي ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﺑﺮرﺳﻲ ﮔﺮدﻳﺪ
  
  ﭘﺮوﺗﻜﻞ ﺗﺤﻘﻴﻖ ﻫﺪف ﻛﻠﻲ دوم  -2-2
ﻋﺼﺎره و  05CEﺗﻐﻴﻴﺮات ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري در رت وﻣﺎﻫﻲ در زﻣﺎﻧﻬﺎي ﻣﺘﻮاﻟﻲ ﻣﺘﻌﺎﻗﺐ اﻓﺰودن ﻏﻠﻈﺖ 
  .ازه ﮔﻴﺮي ﺷﺪﺑﻪ ﺳﻮﺳﭙﺎﻧﺴﻴﻮن  ﺳﻠﻮﻟﻲ ، اﻧﺪ  sediocirkylop muinidolhcoCﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
ﺑﺎ ﻣﺸﺎﻫﺪه ﺗﻔﺎوت ﻣﻌﻨﻲ دار ﻣﻴﺎن ﺗﻐﻴﻴﺮات ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري ﺳﻠﻮﻟﻬﺎي ﺗﺤﺖ ﺗﻤﺎس ﺑﺎ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ 
و ﺳﻠﻮﻟﻬﺎي ﻛﻨﺘﺮل، ﺑﺮاي ﺑﺮرﺳﻲ اﻳﻦ ﻛﻪ آﻳﺎ ﺗﻐﻴﻴﺮ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري  sediocirkylop muinidilhcoCﺟﻠﺒﻚ 
در ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ اﻟﻘﺎ ﺷﺪه  sediocirkylop muinidilhcoC ﺳﻠﻮﻟﻬﺎي ﺗﺤﺖ ﺗﻤﺎس ﺑﺎ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
دﺧﺎﻟﺖ دارد ﻳﺎ ﺧﻴﺮ، از ﻋﻮاﻣﻞ ﻣﺴﺪود ﻛﻨﻨﺪه روزﻧﻪ  sediocirkylop muinidilhcoC ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
 05CEاﺳﺘﻔﺎده ﻛﺮده و ﭘﺲ از ﭘﺮه اﻧﻜﻮﺑﻪ ﻛﺮدن ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت و ﻣﺎﻫﻲ ﺑﺎ اﻳﻦ ﻣﻬﺎرﻛﻨﻨﺪه ﻫﺎ، ﻏﻠﻈﺖ  TPM
را اﻓﺰوده و ﻣﻴﺰان ﺗﻐﻴﻴﺮات ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري و  sediocirkylop muinidilhcoCﺟﻠﺒﻚ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ 
ﺳﭙﺲ آن را ﺑﺎ ﻣﻴﺰان ﺗﻐﻴﻴﺮات ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري و . ﻣﻴﺰان ﺳﻤﻴﺖ اﻟﻘﺎ ﺷﺪه در ﺳﻠﻮﻟﻬﺎ را اﻧﺪازه ﮔﻴﺮي ﺷﺪ
   ﻃﺮح ﻫﺎي ﺗﺤﻘﻴﻘﺎﺗﻲ ﮔﺰارش ﻧﻬﺎﻳﻲ   /01
در ﺳﻠﻮﻟﻬﺎي  sediocirkylop muinidilhcoC ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﻣﻴﺰان ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ اﻟﻘﺎ ﺷﺪه ﺗﻮﺳﻂ 
  .ﻣﻘﺎﻳﺴﻪ ﻛﺮدﻳﻢ TPM()ﻣﺸﺎﺑﻪ در ﻏﻴﺎب ﻣﻬﺎرﻛﻨﻨﺪه ﻫﺎي روزﻧﻪ ي ﻧﻔﻮذﭘﺬﻳﺮي ﻣﻮﻗﺖ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري 
  
  ﭘﺮوﺗﻜﻞ ﺗﺤﻘﻴﻖ ﻫﺪف ﻛﻠﻲ ﺳﻮم  -2-3
ﻋﺼﺎره و  05CEﻣﺘﻌﺎﻗﺐ اﻓﺰودن ﻏﻠﻈﺖ  ،ﺳﻼﻣﺖ ﻏﺸﺎي ﻟﻴﺰوزوم در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت وﻣﺎﻫﻲ در زﻣﺎﻧﻬﺎي ﻣﺘﻮاﻟﻲ
ﺑﺎ ﻣﺸﺎﻫﺪه ﺗﻔﺎوت ﻣﻌﻨﻲ دار ﺑﻴﻦ آﺳﻴﺐ . ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﮔﺮﻓﺖ sediocirkylop muinidilhcoC  ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ
و ﺳﻠﻮﻟﻬﺎي  sediocirkylop muinidilhcoC ﻏﺸﺎي ﻟﻴﺰوزوم در ﺳﻠﻮﻟﻬﺎي ﺗﺤﺖ ﺗﻤﺎس ﺑﺎ ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ
ارد ﻳﺎ ﺧﻴﺮ، از ﻛﻨﺘﺮل، ﺑﺮاي ﺑﺮرﺳﻲ اﻳﻨﻜﻪ آﻳﺎ آﺳﻴﺐ ﻏﺸﺎي ﻟﻴﺰوزوم اﻳﻦ ﺳﻠﻮﻟﻬﺎ در ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ آن دﺧﺎﻟﺖ د
ﻣﻬﺎرﻛﻨﻨﺪه ﻫﺎي ﻓﻌﺎﻟﻴﺖ و ﻣﺤﺎﻓﻈﻴﻦ ﻟﻴﺰوزوم اﺳﺘﻔﺎده ﻛﺮده و ﭘﺲ از ﭘﺮه اﻧﻜﻮﺑﻪ ﻛﺮدن ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت وﻣﺎﻫﻲ 
را اﻓﺰوده و ﻣﻴﺰان sediocirkylop muinidilhcoC ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﺑﺎ اﻳﻦ ﻣﺤﺎﻓﻈﺎن ﻟﻴﺰوزوم، ﻏﻠﻈﺖ 
ﺳﭙﺲ اﻳﻦ ﻣﻘﺎدﻳﺮ را ﺑﺎ ﻣﻴﺰان آﺳﻴﺐ . ر ﺳﻠﻮﻟﻬﺎ اﻧﺪازه ﮔﻴﺮي ﺷﺪآﺳﻴﺐ ﻏﺸﺎي ﻟﻴﺰوزوﻣﻲ و ﻣﻴﺰان ﺳﻤﻴﺖ اﻟﻘﺎ ﺷﺪه د
 muinidilhcoC ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﻏﺸﺎي ﻟﻴﺰوزوﻣﻲ و ﻣﻴﺰان ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ اﻟﻘﺎ ﺷﺪه ﺗﻮﺳﻂ ﻏﻠﻈﺖ 
  .ﻣﻘﺎﻳﺴﻪ ﻛﺮدﻳﻢ در ﺳﻠﻮﻟﻬﺎي ﻣﺸﺎﺑﻪ در ﻏﻴﺎب ﻣﻬﺎرﻛﻨﻨﺪه ﻫﺎي ﻓﻌﺎﻟﻴﺖ ﻟﻴﺰوزومsediocirkylop
 
  ﻲ ﭼﻬﺎرم ﻖ ﻫﺪف ﻛﻠﭘﺮوﺗﻜﻞ ﺗﺤﻘﻴ -2-4
 muinidilhcoC ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﺑﺎ ﻓﺮض اﻳﻦ ﻛﻪ ﻣﺮگ ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎ ﻣﺘﻌﺎﻗﺐ ﺗﻤﺎس ﺑﺎ ﻏﻠﻈﺖ 
را  3ﺑﺎ ﻓﻌﺎل ﺷﺪن آﺑﺸﺎر ﻛﺎﺳﭙﺎزﻫﺎ ﺑﻪ اﻧﺠﺎم ﻣﻲ رﺳﺪ، ﺑﻪ وﺳﻴﻠﻪ ﻛﻴﺖ ﻣﺨﺼﻮص ﻣﻴﺰان ﻓﻌﺎﻟﻴﺖ ﻛﺎﺳﭙﺎز sediocirkylop
  ﺑﻪ ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮﻟﻲ sediocirkylop  muinidilhcoC ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﭘﺲ از اﻓﺰودن ﻏﻠﻈﺖ 
در ﺳﻠﻮﻟﻬﺎي  3ﻣﺎﻫﻲ و رت ﺑﻪ ﻋﻨﻮان ﺷﺎﺧﺺ ﺑﺮآورد آﭘﻮﭘﺘﻮز اﻧﺪازه ﮔﻴﺮي ﻛﺮده و ﺑﺎ ﻣﻴﺰان ﭘﺎﻳﻪ ﻓﻌﺎﻟﻴﺖ ﻛﺎﺳﭙﺎز
  . ﻛﻨﺘﺮل ﻣﻘﺎﻳﺴﻪ ﻛﺮدﻳﻢ
ﻋﺼﺎره  ﻧﺎﺷﻲ از ﻣﺎﻫﻲ و رت  در ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮﻟﻲ citorcenو  citotpopaﻧﺘﺎﻳﺞ ﻓﻮق اﻟﺬﻛﺮ ﺑﺎ ﻣﺸﺎﻫﺪه ي ﻓﻨﻮﺗﻴﭙﻬﺎي 
در اﻳﻦ آزﻣﺎﻳﺶ از ﻣﻴﻜﺮوﺳﻜﻮپ ﻓﻠﻮرﺳﻨﺖ و ﭘﺮوب . ﺗﺎﺋﻴﺪ ﺷﺪ sediocirkylop muinidilhcoC و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ 
  .اﺳﺘﻔﺎده  ﮔﺮدﻳﺪ( ﻛﻠﺮو ﻓﻠﻮرﺳﻴﻦ دي اﺳﺘﺎت-6)  ADFC-6و V nixennA  ﻫﺎي ﻓﻠﻮرژﻧﻴﻚ  
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  ﭘﺮوﺗﻜﻞ ﺗﺤﻘﻴﻖ ﻫﺪف ﻛﻠﻲ ﭘﻨﺠﻢ   -2-5
ي رت و ﻣﺎﻫﻲ ﺗﻔﺎوت دارد، ﻧﺘﺎﻳﺞ ﺑﺪﺳﺖ آﻣﺪه ﺑﻮﺳﻴﻠﻪ ﻣﻘﺎﻳﺴﻪ ي در دو ﮔﻮﻧﻪ   05CEﺑﺮاي ﺗﻌﻴﻴﻦ اﻳﻨﻜﻪ آﻳﺎ ﻏﻠﻈﺖ 
  .در دو ﮔﻮﻧﻪ ﺑﺮرﺳﻲ ﺷﺪ 05CE
، آﺳﻴﺐ ﻟﻴﺰوزوم ﻫﺎي ﺳﻠﻮﻟﻲ، ﺗﺨﻠﻴﻪ (SOR)ﺗﻔﺎوت ﻫﺎي ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ ﺷﺎﻣﻞ ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل اﻛﺴﻴﮋن 
ت و ﻣﺎﻫﻲ ﻧﻴﺰ در دو ﮔﻮﻧﻪ ي ر( TPM)و ﺑﺎز ﺷﺪن روزﻧﻪ ﻧﻔﻮذﭘﺬﻳﺮي ﻣﻮﻗﺖ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري ( HSG)ﮔﻠﻮﺗﺎﺗﻴﻮن 
  .ﻣﻮرد ﻣﻄﺎﻟﻌﻪ ﻗﺮار ﮔﺮﻓﺖ
ﻧﻴﺰ  sediocirkylop muinidolhcoCﺑﺮاي ﺑﺮرﺳﻲ ﺗﻔﺎوت ﻫﺎي اﺣﺘﻤﺎﻟﻲ ﺳﻤﻴﺖ ﻋﺼﺎره ي ﺳﻠﻮﻟﻲ ﺑﺎ ﻣﺤﻴﻂ رﺷﺪ 
 .ﻓﺎﻛﺘﻮرﻫﺎي ﻣﻮﺛﺮ در ﺑﺮوز ﺳﻤﻴﺖ ﺑﺮرﺳﻲ ﺷﺪ
  
  ﺟﺎﻣﻌﻪ ﻣﻮرد ﺑﺮرﺳﻲ -2-6
ﮔﺮم  003-002ﻧﺮ در ﻣﺤﺪوده وزﻧﻲ و ﻣﺎﻫﻲ ﻫﺎي ﻗﺰل آﻻي    ylwaD-eugarpSدر اﻳﻦ ﻣﻄﺎﻟﻌﻪ از رت ﻫﺎي ﻧﺮ ﻧﮋاد 
  .اﺳﺘﻔﺎده ﺷﺪ
  ﻣﻼﺣﻈﺎت اﺧﻼﻗﻲ -2-7
  . اﻳﻦ ﻛﺎر ﺑﺮ روي رت و ﻣﺎﻫﻲ در ﭼﻬﺎرﭼﻮب ﻣﻄﺎﻟﻌﺎت ﺣﻴﻮاﻧﻲ ﻛﺎﻣﻼ ًﻣﻄﺎﺑﻖ اﺻﻮل ﺳﺎزﻣﺎن ﺑﻬﺪاﺷﺖ ﺟﻬﺎﻧﻲ اﻧﺠﺎم ﭘﺬﻳﺮﻓﺖ
  
 آﻧﺎﻟﻴﺰ آﻣﺎر  -2-8
ﺮرﺳﻲ ﻫﻤﻮژﻧﻴﺴﻴﺘﻪ ﺟﻬﺖ ﺑ. اﻧﺠﺎم ﮔﺮﻓﺖ yekuTﻳﻚ ﻃﺮﻓﻪ و ﭘﺴﺖ ﺗﺴﺖ  AVONAآﻧﺎﻟﻴﺰ ﻧﺘﺎﻳﺞ ﺗﻮﺳﻂ آزﻣﻮن 
 DS±naemاﺳﺘﻔﺎده ﻛﺮده و  ﻧﺘﺎﻳﺞ ﺑﺼﻮرت ﻣﻴﺎﻧﮕﻴﻦ ﺳﻪ آزﻣﺎﻳﺶ ﺟﺪاﮔﺎﻧﻪ  neveLوارﻳﺎﻧﺲ در ﻳﻚ ﮔﺮوه، از ﺗﺴﺖ 
  .ﮔﺰارش ﮔﺮدﻳﺪ
  
   ﻃﺮح ﻫﺎي ﺗﺤﻘﻴﻘﺎﺗﻲ ﮔﺰارش ﻧﻬﺎﻳﻲ   /21
 روش ، ﺗﻜﻨﻴﻚ و ﻧﺤﻮه اﺟﺮاي ﻓﺎز اول ﻣﻄﺎﻟﻌﻪ -2-9
  اﻧﺪازه ﮔﻴﺮي ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ -2-9-1
اﻧﺪازه  )v/w%2.0( eulb napyrtي ﺑﺎ رﻧﮓ در ﺻﺪ ﺑﻘﺎء ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي ﺟﺪاﺳﺎزي ﺷﺪه ﺑﻮﺳﻴﻠﻪ روش رﻧﮓ ﭘﺬﻳﺮ
ﺑﺮاي اﺟﺘﻨﺎب از ﺑﻪ وﺟﻮد آﻣﺪن ﺷﺮاﻳﻂ ﻏﻴﺮ ﺳﻤﻲ و ﻳﺎ ﺷﺮاﻳﻂ ﺑﺴﻴﺎر ﺳﻤﻲ در ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪ ﺟﺪا ﺷﺪه، از . ﮔﻴﺮي ﺷﺪ
ﻳﻚ ﺗﺮﻛﻴﺐ  05CE. اﺳﺘﻔﺎده ﮔﺮدﻳﺪsediorkirkylop muinidilhcoC ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﻏﻠﻈﺖ 
ر ﺗﻜﻨﻴﻚ ﺳﻨﺠﺶ ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ، ﻋﺒﺎرت اﺳﺖ از ﻏﻠﻈﺘﻲ از آن ﻣﺎده ﻛﻪ ﻣﻴﺰان ﺷﻴﻤﻴﺎﻳﻲ در ﻣﺤﺪوده زﻣﺎﻧﻲ ﻣﻌﻴﻦ د
% 05ﻣﺮگ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﺗﺮﻛﻴﺐ ﺳﻤﻲ را در ﺳﻠﻮﻟﻬﺎي ﻣﻮرد آزﻣﺎﻳﺶ ﺑﻌﺪ از ﻫﻤﺎن زﻣﺎن ﻣﻌﻴﻦ اﻧﻜﻮﺑﺎﺳﻴﻮن ﺑﻪ 
ﻣﻨﺤﻨﻲ دوز ـ ﭘﺎﺳﺦ در زﻣﺎن  sediorkirkylop muinidilhcoCﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﺟﻬﺖ ﻳﺎﻓﺘﻦ . ﺑﺮﺳﺎﻧﺪ
ﭼﻮن در . ﻣﺤﺎﺳﺒﻪ ﺷﺪ 05CE، (tiborp)ﻣﻌﻴﻦ ﺑﺎ ﺳﻪ ﻏﻠﻈﺖ ﻣﺘﻔﺎوت از اﻳﻦ ﺗﺮﻛﻴﺐ ﺗﺮﺳﻴﻢ و از روي ﺧﻂ رﮔﺮﺳﻴﻮن 
ﺷﻤﺎرش ﺗﻌﺪاد ﺳﻠﻮﻟﻬﺎي ﻣﺮده و زﻧﺪه اﻟﺰاﻣﻲ اﺳﺖ از روش رﻧﮓ آﻣﻴﺰي ﺗﺮﻳﭙﺎن ﺑﻠﻮ ﺟﻬﺖ  05CEروش اﻧﺪازه ﮔﻴﺮي 
 0/2ﺑﺎ ﻏﻠﻈﺖ ﻧﻬﺎﻳﻲ )  ﺗﺮﻳﭙﺎن ﺑﻠﻮ ﻴﻮﻧﻲﻛﺎﺗ رﻧﮓ از اﻳﻦ روش در. ﺗﻌﻴﻴﻦ ﺗﻌﺪاد ﺳﻠﻮﻟﻬﺎي ﻣﺮده و زﻧﺪه اﺳﺘﻔﺎده ﺷﺪ
ﺑﺪﻳﻦ ﺗﺮﺗﻴﺐ ﻛﻪ ﺳﻠﻮﻟﻬﺎي ﺳﺎﻟﻢ و ﺑﺪون آﺳﻴﺐ ﻏﺸﺎي ﭘﻼﺳﻤﺎﻳﻲ ﻧﺴﺒﺖ ﺑﻪ . اﺳﺘﻔﺎده ﺷﺪ( درﺻﺪ وزﻧﻲ ـ ﺣﺠﻤﻲ
رﻧﮓ ﺗﺮﻳﭙﺎن ﺑﻠﻮ ﻧﻔﻮذ ﻧﺎﭘﺬﻳﺮ ﺑﻮده اﻣﺎ ﺳﻠﻮﻟﻬﺎي ﻣﺮده ﺑﺎ ﻏﺸﺎي ﺳﻴﺘﻮﭘﻼﺳﻤﻲ آﺳﻴﺐ دﻳﺪه ﺗﺮﻳﭙﺎن ﺑﻠﻮ را ﻛﺎﻣﻼً ﺟﺬب 
  .(6991 .la te nehS ;8791 .la te suoedloM)آﻳﻨﺪﻛﺮده ﺑﻪ رﻧﮓ آﺑﻲ ﺗﻴﺮه درﻣﻲ 
ﺑﺮاﺑﺮ ﻏﻠﻈﺖ را ﺑﺮداﺷﺘﻪ و ﺑﻪ  001ﻣﻴﻜﺮو ﻟﻴﺘﺮ از ﻧﻤﻮﻧﻪ اﺳﺘﻮك ﻏﻠﻴﻆ  001ﺑﺮاي اﻧﻜﻮﺑﻪ ﻛﺮدن ﻣﻮاد ﻣﺤﻠﻮل در آب ،
اﻓﺰوده ﺗﺎ ﻏﻠﻈﺖ دﻟﺨﻮاه ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮل ﻛﺒﺪي ﺑﻮده  01lmﻳﻜﻲ از ﻓﻼﺳﻜﻬﺎي در ﺣﺎل ﭼﺮﺧﺶ ﻛﻪ ﺣﺎوي 
ﻣﻴﻜﺮو ﻟﻴﺘﺮ ﺑﺮداﺷﺘﻪ و ﺑﻪ  01( ﺑﺮاﺑﺮ ﻏﻠﻈﺖ0001)در ﻣﻮرد ﻣﻮاد ﻣﺤﻠﻮل در ﻣﺘﺎﻧﻮل از ﻣﺤﻠﻮل اﺳﺘﻮك . ﺑﺪﺳﺖ آﻳﺪ
ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮل ﻛﺒﺪي ﺑﻮده اﻓﺰوده ﺗﺎ ﻏﻠﻈﺖ ﻣﻮرد ﻧﻈﺮ ﺑﺪﺳﺖ  01lmﻳﻚ ﻓﻼﺳﻚ در ﺣﺎل ﭼﺮﺧﺶ ﻛﻪ ﺣﺎوي 
ﻣﻴﻜﺮو ﻟﻴﺘﺮ  ﻣﺘﺎﻧﻮل ﺑﻌﺪ از ﮔﺬﺷﺖ ﺷﺶ ﺳﺎﻋﺖ اﻧﻜﻮﺑﺎﺳﻴﻮن  01ﺷﺎﻳﺎن ذﻛﺮ اﺳﺖ ﻛﻪ. (9002 .la te damharuoP)آﻳﺪ
  .ﻧﺪارد( < p 0/50)ﺑﺮ روي ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ اﺛﺮ ﻣﻌﻨﻲ داري 
ﺑﺮاي اﻧﺪازه ﮔﻴﺮي ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ، در زﻣﺎﻧﻬﺎي ﻣﺘﻮاﻟﻲ و ﻣﺨﺘﻠﻒ دوره ﺷﺶ ﺳﺎﻋﺘﻪ اﻧﻜﻮﺑﺎﺳﻴﻮن، ﻧﻤﻮﻧﻪ ﻫﺎي ﻣﻮرد 
ﻓﻼﺳﻚ ﻫﺎ ﺑﻪ ﺳﻪ ﮔﺮوه ﻛﻨﺘﺮل ، ﻧﻤﻮﻧﻪ و اﻧﻮاع . ﺑﻲ ﻗﺮارداده ﺷﺪﻧﻈﺮ را از ﻓﻼﺳﻚ ﻫﺎ ﺑﺮداﺷﺘﻪ و ﻣﻮرد ارزﻳﺎ
ﻓﻼﺳﻚ ﻛﻨﺘﺮل ﻓﻘﻂ ﺣﺎوي ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي ﺑﻮده و ﻫﻴﭻ ﻣﺎده اي ﺑﺎ آن . ﻣﻬﺎرﻛﻨﻨﺪﮔﺎن ﺗﻘﺴﻴﻢ ﻣﻲ ﺷﻮﻧﺪ
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 muinidilhcoCﻓﻼﺳﻚ ﻧﻤﻮﻧﻪ ﺣﺎوي ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي و ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ . اﻧﻜﻮﺑﻪ ﻧﻤﻲ ﺷﻮد
از ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ  05CEﺑﻮده و ﻓﻼﺳﻚ ﻫﺎي ﻣﻬﺎرﻛﻨﻨﺪه ﻫﺎ ﻧﻴﺰ ﺣﺎوي ﻏﻠﻈﺖ  05CEﺑﺎ ﻏﻠﻈﺖ  sediorkoirkylop
  .از اﻧﻮاع ﻣﻬﺎرﻛﻨﻨﺪه ﻫﺎ ﺑﻮدﻧﺪ و ﻫﻤﭽﻨﻴﻦ ﻏﻠﻈﺖ ﻫﺎي ﻏﻴﺮﺳﻤﻲ sediorkoirkylop muinidilhcoCﺟﻠﺒﻚ 
ﻪ ﻛﺎر رﻓﺘﻪ از آﻧﻬﺎ در اﺳﺎس اﻧﺘﺨﺎب ﻣﻬﺎر ﻛﻨﻨﺪه ﻫﺎ، ﻣﺤﺮك ﻫﺎ و ﻳﺎ ﺟﻤﻊ ﻛﻨﻨﺪﮔﺎن رادﻳﻜﺎﻟﻲ و ﻏﻠﻈﺖ ﻏﻴﺮ ﺳﻤﻲ ﺑ
. اﻳﻦ ﻣﻄﺎﻟﻌﻪ، ﺑﺎاﺳﺘﻔﺎده از ﻧﺘﺎﻳﺞ ﻣﻄﺎﻟﻌﺎت ﻣﺘﻌﺪدي ﺑﺪﺳﺖ آﻣﺪه ﻛﻪ در ﻗﺴﻤﺖ ﻣﻨﺎﺑﻊ ﺑﻪ ﺑﺮﺧﻲ از آﻧﻬﺎ اﺷﺎره ﺷﺪه اﺳﺖ
ﻋﻼوه ﺑﺮ اﻳﻦ اﺛﺮات ﺳﻪ ﻳﺎ ﭼﻬﺎر ﻏﻠﻈﺖ ﻣﺘﻔﺎوت از اﻳﻦ ﻣﻮاد را ﻛﻪ ﻧﺰدﻳﻚ ﺑﻪ ﻏﻠﻈﺖ اﺷﺎره ﺷﺪه در رﻓﺮاﻧﺲ ﻫﺎ ﺑﻮده 
ﻏﻠﻈﺘﻲ ﻛﻪ ﺑﻬﺘﺮﻳﻦ اﺛﺮ ﻣﻬﺎرﻛﻨﻨﺪﮔﻲ، ﺗﺤﺮﻳﻚ ﻛﻨﻨﺪﮔﻲ و ﻳﺎ ﺟﻤﻊ ﻛﻨﻨﺪﮔﻲ  ﻣﻮرد ارزﻳﺎﺑﻲ ﻗﺮار ﮔﺮﻓﺖ و ﺳﭙﺲ
ﻫﻤﭽﻨﻴﻦ ﺑﻌﺪ از ﻳﺎﻓﺘﻦ ﻳﻚ ﻏﻠﻈﺖ ﺑﻬﻴﻨﻪ از ﻫﺮ . رادﻳﻜﺎﻟﻲ را از ﺧﻮد ﻧﺸﺎن داد، ﺑﻪ ﻋﻨﻮان ﻏﻠﻈﺖ ﺑﻬﻴﻨﻪ اﻧﺘﺨﺎب ﺷﺪ
ن ﺳﺎﻋﺖ ﺑﺎ ﺳﻠﻮﻟﻬﺎي ﻣﻮرد ﻧﻈﺮ اﻧﻜﻮﺑﻪ ﻛﺮده ﺗﺎ اﺛﺮ ﺳﻤﻲ اﺣﺘﻤﺎﻟﻲ آ 3واﻛﻨﺶ ﮔﺮ آن ﻏﻠﻈﺖ را ﺟﺪاﮔﺎﻧﻪ ﺑﻪ ﻣﺪت 
ﻋﻼوه ﺑﺮ اﻳﻦ در اﻳﻦ ﻣﻄﺎﻟﻌﻪ، در ﻣﻮرد اﺛﺮات ﻣﻬﺎرﻛﻨﻨﺪﮔﻲ، ﺗﺤﺮﻳﻚ ﻛﻨﻨﺪﮔﻲ و ﻳﺎ ﺟﻤﻊ . روي ﺳﻠﻮﻟﻬﺎ ﺑﺮرﺳﻲ ﺷﻮد
ﻛﻨﻨﺪﮔﻲ رادﻳﻜﺎﻟﻲ ﺗﻨﻬﺎ از ﻳﻚ واﻛﻨﺶ ﮔﺮ اﺳﺘﻔﺎده ﻧﮕﺮدﻳﺪه، ﺑﻠﻜﻪ از ﮔﺮوﻫﻲ از واﻛﻨﺶ ﮔﺮﻫﺎي ﻣﻬﺎري ﻳﺎ 
ﻫﺎي ﻣﺨﺘﻠﻒ اﻳﻦ واﻛﻨﺶ ﮔﺮﻫﺎي ﻣﻬﺎري  ﺑﻨﺎﺑﺮاﻳﻦ وﻗﺘﻲ ﮔﺮوه. ﺗﺤﺮﻳﻜﻲ ﻛﻪ داراي اﺛﺮات ﻣﺸﺎﺑﻪ ﻫﺴﺘﻨﺪ، اﺳﺘﻔﺎده ﺷﺪ
ﻳﺎ ﺗﺤﺮﻳﻜﻲ ﻧﺘﺎﻳﺞ ﻳﻜﺴﺎن از ﺧﻮد ﻧﺸﺎن دادﻧﺪ ﻣﻲ ﺗﻮان ﺑﺎ ﻗﻄﻌﻴﺖ ﮔﻔﺖ ﻛﻪ ﻣﻜﺎﻧﻴﺴﻢ ﺧﺎﺻﻲ در ﭘﺎﺳﺦ ﺑﻪ ﺳﻤﻴﺖ 
  .(9002 .la te damharuoP) دﺧﺎﻟﺖ داﺷﺘﻪ اﺳﺖ
 
  )SOR(  اﻧﺪازه ﮔﻴﺮي ﻣﻴﺰان رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل اﻛﺴﻴﮋن -2-9-3
-HFCD(دي ﻛﻠﺮوﻓﻠﻮروﺳﻴﻦ دي اﺳﺘﺎت -7و2درﺳﻠﻮل ﻫﺎي ﻛﺒﺪي از ﻣﻌﺮف  SORﺑﺮاي اﻧﺪازه ﮔﻴﺮي ﻣﻴﺰان ﺗﻮﻟﻴﺪ 
ﺑﺎ ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪ اﻧﻜﻮﺑﻪ ﻣﻲ ﺷﻮد، ﺑﻌﻠﺖ  AD-HFCDاﺻﻮل ﻛﺎر ﺑﻪ اﻳﻦ ﺻﻮرت اﺳﺖ ﻛﻪ وﻗﺘﻲ . اﺳﺘﻔﺎده ﺷﺪ )AD
ل ﺗﻮﺳﻂ اﺳﺘﺮازﻫﺎي ﻣﻮﺟﻮد درداﺧﻞ ﻟﻴﭙﻮﻓﻠﻴﺴﻴﺘﻪ زﻳﺎد ﺑﻪ راﺣﺘﻲ از ﻏﺸﺎي ﭘﻼﺳﻤﺎﻳﻲ ﺳﻠﻮل ﻋﺒﻮر ﻛﺮده و داﺧﻞ ﺳﻠﻮ
دي ﻛﻠﺮوﻓﻠﻮروﺳﻴﻦ ﻏﻴﺮ . ﺳﻠﻮل ﻫﻴﺪروﻟﻴﺰ ﻣﻲ ﮔﺮدد و دي ﻛﻠﺮوﻓﻠﻮروﺳﻴﻦ ﻏﻴﺮ ﻓﻠﻮرﺳﻨﺖ را ﺑﻪ وﺟﻮد ﻣﻲ آورد
ﺑﻪ ﺳﺮﻋﺖ اﻛﺴﻴﺪ ﺷﺪه و ﺗﺮﻛﻴﺐ ﺷﺪﻳﺪاً ﻓﻠﻮرﺳﻨﺖ دي ﻛﻠﺮوﻓﻠﻮروﺳﺌﻴﻦ  SOR، در ﺣﻀﻮر  )HFCD(ﻓﻠﻮرﺳﻨﺖ 
ﺳﺎﻧﺲ اﻳﻦ ﺗﺮﻛﻴﺐ را ﺗﻮﺳﻂ اﺳﭙﻜﺘﺮوﻓﺘﻮﻣﺘﺮ ﻓﻠﻮرﺳﺎﻧﺲ در درﻧﺘﻴﺠﻪ ﻣﻲ ﺗﻮان ﺷﺪت ﻓﻠﻮر. را ﺗﺸﻜﻴﻞ ﻣﻲ دﻫﺪ )FCD(
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اﻳﻦ ﺷﺪت ﻓﻠﻮرﺳﺎﻧﺲ در ارﺗﺒﺎط ﻣﺴﺘﻘﻴﻢ ﺑﺎ ﻏﻠﻈﺖ . اﻧﺪازه ﮔﻴﺮي ﻛﺮد mE:  045 mnو   : xE074 mnﻃﻮل ﻣﻮﺟﻬﺎي 
  .ﻳﺎ ﻫﻤﺎن رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل اﻛﺴﻴﮋن ﻣﻲ ﺑﺎﺷﺪ SOR
ﺗﻬﻴﻪ ﻛﺮده،   4.7=Hp ﺑﺎ  Mm82 SEPH + selraE  را در ﺑﺎﻓﺮ  1 Mﺑﺎ ﻏﻠﻈﺖ AD-HFCDروش ﻛﺎر ﺑﺪﻳﻦ ﺻﻮرت اﺳﺖ ﻛﻪ 
از ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮﻟﻲ  1lmاز آن را ﺑﻪ ﻟﻮﻟﻪ آزﻣﺎﻳﺶ ﺣﺎوي ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪ رت وﻣﺎﻫﻲ ﻛﻪ از ﺳﺎﻧﺘﺮﻳﻔﻴﻮژ  3lmﺳﭙﺲ 
درﺟﻪ ﺳﺎﻧﺘﻴﮕﺮاد اﻧﻜﻮﺑﻪ ﻛﺮده و ﺳﭙﺲ در ﻃﻮل  73دﻗﻴﻘﻪ در دﻣﺎي  51ﺑﺪﺳﺖ آﻣﺪه، اﻓﺰوده و ﺑﻪ ﻣﺪت ( 601lm/llec)
  .(6991 .la te nehS)ﺗﻮﺳﻂ دﺳﺘﮕﺎه اﺳﭙﻜﺘﺮوﻓﻠﻮرﻳﻤﺘﺮ اﻧﺪازه ﮔﻴﺮي ﺷﺪ  FCDﻧﺲ ﻣﻮﺟﻬﺎي ذﻛﺮ ﺷﺪه ﺷﺪت ﻓﻠﻮرﺳﺎ
  
  اﻧﺪازه ﮔﻴﺮي آﺳﻴﺐ ﻏﺸﺎي ﻟﻴﺰوزوم  -2-9-4
اﻛﺮﻳﺪﻳﻦ اورﻧﺞ ﻳﻚ ﺑﺎز . م از رﻧﮓ ﻓﻠﻮروژﻧﻴﻚ اﻛﺮﻳﺪﻳﻦ اورﻧﺞ اﺳﺘﻔﺎده ﺷﺪﺑﺮاي ﺑﺮرﺳﻲ ﺳﻼﻣﺖ ﻏﺸﺎي ﻟﻴﺰوزو
. ﺿﻌﻴﻒ ﻟﻴﭙﻮﻓﻴﻞ ﺑﺎ ﻗﺎﺑﻠﻴﺖ ﺗﺠﻤﻊ در ﻟﻴﺰوزﻣﻬﺎ ﺑﻮده ﻛﻪ از ﻟﺤﺎظ ﺷﻴﻤﻴﺎﻳﻲ داراي ﺧﺎﺻﻴﺖ ﻓﻠﻮرﺳﺎﻧﺲ ﻣﻲ ﺑﺎﺷﺪ
واﻛﻨﺶ ﺑﺎ اﻛﺮﻳﺪﻳﻦ اورﻧﺞ ﺑﻪ ﻋﻠﺖ ﻟﻴﭙﻮﻓﻴﻠﻴﺴﻴﺘﻪ زﻳﺎد ﺑﻪ راﺣﺘﻲ از ﻏﺸﺎي ﺳﻠﻮﻟﻲ ﻋﺒﻮر ﻛﺮده و ﺑﻪ دﻟﻴﻞ ﺗﻤﺎﻳﻞ ﺑﺎﻻ ﺑﻪ 
در آﻧﻬﺎ ﺗﺠﻤﻊ  )+HA(ﺑﻪ ﻟﻴﺰوزﻣﻬﺎ وارد ﺷﺪه و ﺑﺎ ﺟﺬب ﭘﺮوﺗﻮن ﺑﻪ ﺻﻮرت ﻣﻮﻟﻜﻮل ﺑﺎردار ( ﻫﻴﺪروژن اﺳﻴﺪي) +H
ﻃﺒﻴﻌﻲ اﺳﺖ ﻛﻪ ﻣﻮﻟﻜﻮل ﺑﺎردار ﻗﺎدر ﺑﻪ ﺧﺮوج از ﻏﺸﺎي ﻟﻴﭙﻴﺪي ﻟﻴﺰوزﻣﻬﺎ ﻧﻴﺴﺖ و اﻟﺒﺘﻪ ﺧﺎﺻﻴﺖ . ﭘﻴﺪا ﻣﻲ ﻛﻨﺪ
ﺎي ﻟﻴﺰوزوﻣﻲ ﺗﻮﺳﻂ رادﻳﻜﺎﻟﻬﺎي ﻓﻌﺎل اﻛﺴﻴﮋن اﻟﺒﺘﻪ ﺑﻪ ﻣﺤﺾ اﻳﻦ ﻛﻪ ﻏﺸ. ﻓﻠﻮروژﻧﻴﻚ ﺧﻮد را از دﺳﺖ ﻣﻲ دﻫﺪ
ﺣﺎﺻﻞ از ﺷﺮاﻳﻂ اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ ﺗﺨﺮﻳﺐ ﮔﺮدد، اﻛﺮﻳﺪﻳﻦ اورﻧﺞ وارد ﺳﻴﺘﻮزول ﺷﺪه و در ﺳﻴﺘﻮزول  )SOR(
در ﻧﻬـﺎﻳﺖ ﺷـﺪت . دوﺑﺎره ﭘﺮوﺗﻮن ﺧﻮد را از دﺳﺖ داده و ﺗﻮاﻧﺎﻳﻲ ﻓﻠﻮروﺳﺎﻧﺴﻲ ﺧﻮد را ﺑﺪﺳﺖ ﻣﻲ آورد
  .ﻗﺎﺑﻞ اﻧﺪازه ﮔﻴﺮي اﺳﺖ mE:  045 mnو   : xE074 mnﻃﻮل ﻣﻮﺟﻬﺎي  ﻓﻠـﻮرﺳـﺎﻧﺲ ﻣـﻮﻟﻜـﻮل ﺑﺪون ﺑﺎر آن در
از ﺳﻮﺳﭙﺎﻧﺴﻴﻮن  1lmروش ﻛﺎر ﺑﺪﻳﻦ ﺻﻮرت ﺑﻮد ﻛﻪ در ﻳﻚ ﻟﻮﻟﻪ آزﻣﺎﻳﺶ ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي ﻛﻪ از ﺳﺎﻧﺘﺮﻳﻔﻴﻮژ 
 + selraEدر ﺑﺎﻓﺮ 5lm/g ﻣﺤﻠﻮل اﻛﺮﻳﺪﻳﻦ اورﻧﺞ ﺑﺎ ﻏﻠﻈﺖ  2lmﺑﺪﺳﺖ آﻣﺪه اﺳﺖ را ﺑﺎ  601lm/llecﺳﻠﻮﻟﻲ ﺑﺎ ﻏﻠﻈﺖ 
ﺳﭙﺲ . درﺟﻪ ﺳﺎﻧﺘﻴﮕﺮاد اﻧﻜﻮﺑﻪ ﻛﺮدﻳﻢ 73دﻗﻴﻘﻪ در دﻣﺎي  51ﻣﺨﻠﻮط ﻛﺮده و ﺑﻤﺪت  4.7=Hp ﺑﺎ  Mm82 SEPH
   mE:  045 mnو   : xE074 mnﺷﺪت ﻓﻠﻮرﺳﺎﻧﺲ ﻧﺎﺷﻲ از اﻛﺮﻳﺪﻳﻦ اورﻧﺞ ﻣﻨﺘﺸﺮ ﺷﺪه ﺑﻪ ﺳﻴﺘﻮزول در ﻃﻮل ﻣﻮﺟﻬﺎي 
  .(9002 .la te damharuoP)ﺑﺮرﺳﻲ ﮔﺮدﻳﺪ 
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  ﮔﻴﺮي اﻓﺖ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪرياﻧﺪازه  -2-9-5
ﻛﻪ  321ﻃﺒﻖ روش اﻧﺪرﺳﻮن و ﻫﻤﻜﺎران، ﺑﺮاي ﺑﺮرﺳﻲ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري از ﻛﺎﺗﻴﻮن ﻓﻠﻮروژﻧﻴﻚ روداﻣﻴﻦ 
اﻳﻦ رﻧﮓ ﻟﻴﭙﻮﻓﻴﻞ از ﻃﺮﻳﻖ اﻧﺘﺸﺎر وارد . از ﻗﺎﺑﻠﻴﺖ ﺑﺎﻻي ﺗﺠﻤﻊ در ﻣﻴﺘﻮﻛﻨﺪري ﺑﺮﺧﻮردار اﺳﺖ اﺳﺘﻔﺎده ﮔﺮدﻳﺪ
ﻣﻴﺰان اﻳﻦ ﺗﺠﻤﻊ . ﺎ ﺗﻮﺟﻪ ﺑﻪ ﺑﺎر ﻣﺜﺒﺖ ﺧﻮد ﺑﻄﻮر اﺧﺘﺼﺎﺻﻲ در ﻣﻴﺘﻮﻛﻨﺪري ﺗﺠﻤﻊ ﻣﻲ ﻳﺎﺑﺪﺳﻴﺘﻮزول ﺷﺪه و از آﻧﺠﺎ ﺑ
ﺑﺪﻳﻦ ﺗﺮﺗﻴﺐ در ﻣﻴﺘﻮﻛﻨﺪري ﺳﺎﻟﻢ ﺑﺎ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﺑﻪ ﺷﺪت ﻣﻨﻔﻲ . ﺑﻪ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري ﺑﺴﺘﮕﻲ دارد
اﻣﺎ در (.  gnihcneuQ ﭘﺪﻳﺪه ﺧﺎﻣﻮﺷﻲ ﻳﺎ)ﻛﺎﻣﻼً ﺗﺠﻤﻊ ﻳﺎﻓﺘﻪ و در ﻧﺘﻴﺠﻪ ﺑﺎ روش ﻓﻠﻮرﻳﻤﺘﺮي ردﻳﺎﺑﻲ ﻧﻤﻲ ﺷﻮﻧﺪ 
، ﻏﺸﺎي آن ﻣﺘﻌﺎﻗﺐ ﺗﻤﺎس ﺳﻠﻮل ﺑﺎ ﺳﻤﻮم TPMﺻﻮرت ﺳﻘﻮط ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري و ﺑﺎزﺷﺪن روزﻧﻪ ﻫﺎي
درﻧﺘﻴﺠﻪ ﻣﻴﺰان ﻓﻠﻮرﺳﺎﻧﺲ ﻧﺎﺷﻲ . ﺑﻪ ﺳﻴﺘﻮزول وارد ﻣﻲ ﺷﻮد TPMاز ﻃﺮﻳﻖ روزﻧﻪ ﻫﺎي  321ﻣﻴﺘﻮﻛﻨﺪرﻳﺎﻳﻲ، روداﻣﻴﻦ 
ﺑﺪﻳﻦ ﺗﺮﺗﻴﺐ درﺻﺪ ﻛﺎﻫﺶ ﭘﺘﺎﻧﺴﻴﻞ . ﺪازﮔﻴﺮي ﻣﻲ ﺷﻮداز ﺣﻀﻮر آن در ﺳﻴﺘﻮزول ﺑﺸﺪت اﻓﺰاﻳﺶ ﻣﻲ ﻳﺎﺑﺪ و ﻗﺎﺑﻞ اﻧ
در ﺳﻠﻮﻟﻬﺎي ﻛﻨﺘﺮل و ﺳﻠﻮﻟﻬﺎي ﺗﺤﺖ  321ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري ﺑﻪ ﺻﻮرت ﺗﻔﺎوت در ﺷﺪت ﻓﻠﻮرﺳﺎﻧﺲ روداﻣﻴﻦ 
  .اﻧﺪازﮔﻴﺮي ﻣﻲ ﺷﻮد sediocirkylop  muinidolhcoCاز ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﺗﻤﺎس ﺑﺎ ﻏﻠﻈﺖ 
ﺑﻪ ﻣﺪت ﻳﻚ  0001mprﻠﻮﻟﻲ از ﻣﺤﻴﻂ اﻧﻜﻮﺑﺎﺳﻴﻮن ﺑﺮداﺷﺘﻪ ﺷﺪ و ﺑﺎ ﺳﺮﻋﺖ ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳ 0/5lmﺑﺮاي اﻳﻦ ﻣﻨﻈﻮر  
 Mاز ﻣﺤﻠﻮل روداﻣﻴﻦ 2lmﻣﺎﻳﻊ ﻓﻮﻗﺎﻧﻲ آن را دور رﻳﺨﺘﻪ و ﺑﻪ ﺳﻠﻮﻟﻬﺎي ﻣﻮﺟﻮد در ﺗﻪ ﻟﻮﻟﻪ . دﻗﻴﻘﻪ ﺳﺎﻧﺘﺮﻳﻔﻮژ ﮔﺮدﻳﺪ
ﻮﺑﻪ ﻛﺮده، دﻗﻴﻘﻪ اﻧﻜ 01درﺟﻪ ﺳﺎﻧﺘﻴﮕﺮاد ﺑﻪ ﻣﺪت  73ﺑﻌﺪ از ﻣﺨﻠﻮط ﻛﺮدن ﻛﺎﻣﻞ، آن را در دﻣﺎي . اﻓﺰوده ﺷﺪ 1/5
 mnﻣﻮﺟﻮد در ﻣﺤﻴﻂ ﺑﻪ روش اﺳﭙﻜﺘﺮوﻓﻠﻮرﻳﻤﺘﺮي در ﻃﻮل ﻣﻮﺟﻬﺎي  321ﺳﭙﺲ ﺷﺪت ﻓﻠﻮرﺳﺎﻧﺲ ﻧﺎﺷﻲ از روداﻣﻴﻦ
ﺑﻪ ﺻﻮرت ﺗﻔﺎوت در  321ﻇﺮﻓﻴﺖ ﻣﻴﺘﻮﻛﻨﺪري ﺑﺮاي ﺟﺬب روداﻣﻴﻦ. ﺑﺮرﺳﻲ ﮔﺮدﻳﺪ mE:  045 mnو   : xE074
 muinidilhcoC ﻴﻂ رﺷﺪ ﺟﻠﺒﻚﺑﻴﻦ ﺳﻠﻮﻟﻬﺎي ﻛﻨﺘﺮل و ﺳﻠﻮﻟﻬﺎي ﺗﺤﺖ ﺗﻤﺎس ﺑﺎ ﻋﺼﺎره و ﻣﺤ 321ﺷﺪت روداﻣﻴﻦ 
ﻣﻌﻴﻦ و درﺻﺪ ﺗﻐﻴﻴﺮات آن ﺑﻪ ﻋﻨﻮان ﺷﺎﺧﺺ ﺟﻬﺖ ﺳﻨﺠﺶ اﻓﺖ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري ﻣﻮرد   sediocirkylop
  .(5991 .la te knurB)اﺳﺘﻔﺎده ﻗﺮار ﮔﺮﻓﺖ 
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   3اﻧﺪازه ﮔﻴﺮي ﻓﻌﺎﻟﻴﺖ آﻧﺰﻳﻢ ﻛﺎﺳﭙﺎز -2-9-6
. اﺳﺘﻔﺎده ﮔﺮدﻳﺪ 3از ﻛﻴﺖ ﻣﺨﺼﻮص اﻧﺪازه ﮔﻴﺮي ﻓﻌﺎﻟﻴﺖ ﻛﺎﺳﭙﺎز 3ه ﮔﻴﺮي ﻓﻌﺎﻟﻴﺖ آﻧﺰﻳﻢ ﻛﺎﺳﭙﺎزﺑﻪ ﻣﻨﻈﻮر اﻧﺪاز
اﺳﺖ ﻛﻪ در ﻧﺘﻴﺠﻪ آن  3ﺗﻮﺳﻂ آﻧﺰﻳﻢ ﻛﺎﺳﭙﺎز ANp-DVED-CAاﻳﻦ ﺳﻨﺠﺶ ﺑﺮ اﺳﺎس ﻫﻴﺪروﻟﻴﺰ ﺳﻮﺑﺴﺘﺮاي ﭘﭙﺘﻴﺪي 
ﻮان ﺑﺎ اﻧﺪازه ﮔﻴﺮي آزاد ﺷﺪه از ﺳﻮﺑﺴﺘﺮا را ﻣﻲ ﺗ ANpﻏﻠﻈﺖ . رﻧﮕﻲ آزاد ﻣﻲ ﺷﻮد )ANp(ﻣﺎده ﭘﺎراﻧﻴﺘﺮوآﻧﻴﻠﻴﻦ 
 ANpو ﺑﺎ اﺳﺘﻔﺎده از ﻣﻨﺤﻨﻲ ﻛﺎﻟﻴﺒﺮاﺳﻴﻮﻧﻲ ﻛﻪ ﺗﻮﺳﻂ ﻏﻠﻈﺘﻬﺎي ﻣﺸﺨﺺ  504 mnﻣﻴﺰان ﺟﺬب آن در ﻃﻮل ﻣﻮج 
آزاد ﺷﺪه در ﻫﺮ دﻗﻴﻘﻪ در ﻫﺮ ﻣﻴﻠﻲ  ANpﺑﺮ ﺣﺴﺐ ﻣﻴﻜﺮوﻣﻮل   3ﻓﻌﺎﻟﻴﺖ آﻧﺰﻳﻤﻲ ﻛﺎﺳﭙﺎز. رﺳﻢ ﺷﺪه ﻣﺤﺎﺳﺒﻪ ﻧﻤﻮد
اﺳﺖ و ﺿﺮﻳﺐ ﺗﻨﺎﺳﺐ آن ﻧﻴﺰ ﺑﻪ ﺣﺠﻢ ﻧﻤﻮﻧﻪ ،زﻣﺎن و ﻓﺎﻛﺘﻮر در ﻧﻤﻮﻧﻪ  ﻣﺘﻨﺎﺳﺐ   ANpﻧﻤﻮﻧﻪ ﺳﻠﻮﻟﻲ ﺑﺎ ﻏﻠﻈﺖ  ﻟﻴﺘﺮ از
  .رﻗﺖ آن ﺑﺴﺘﮕﻲ دارد
ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ  05CEﺑﺮاي اﻳﻦ ﻣﻨﻈﻮر اﺑﺘﺪا در زﻣﺎن ﻣﺸﺨﺼﻲ از اﻧﻜﻮﺑﺎﺳﻴﻮن ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي ﺑﺎ ﻏﻠﻈﺖ 
ر د 0001mprﺑﺎ ﺳﺮﻋﺖ  3nimﻧﻤﻮﻧﻪ ﻫﺎي ﺳﻠﻮﻟﻲ ﺟﻤﻊ آوري ﺷﺪه و ﺑﻪ ﻣﺪت  ،sediocirkylop muinidolhcoCﺟﻠﺒﻚ 
را از ﻛﻴﺖ ﻛﺎﺳﭙﺎز  sisyLﻣﺎﻳﻊ روﻳﻲ را دﻛﺎﻧﺘﻪ ﻛﺮده ﺑﻪ ﺳﻠﻮﻟﻬﺎي ﺗﻪ ﻧﺸﻴﻦ ﺷﺪه ﻣﺤﻠﻮل . ﺳﺎﻧﺘﺮﻳﻔﻴﻮژ ﺷﺪﻧﺪ 4° Cدﻣﺎي 
ﺳﭙﺲ اﻳﻦ ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﺳﻠﻮﻟﻲ را . ﺳﻠﻮل ﻣﻮﺟﻮد ﺑﺎﺷﺪ   501ﻣﻴﻜﺮوﻟﻴﺘﺮ ﺗﻌﺪاد  001اﺿﺎﻓﻪ ﻛﺮده، ﺑﻪ ﻃﻮري ﻛﻪ در ﻫﺮ 
ﺑﺎ  01-51 nimﺳﭙﺲ ﺳﻠﻮﻟﻬﺎي ﻟﻴﺰ ﺷﺪه ﺑﺮاي . ﻟﻴﺰ ﺷﺪﻧﺪروي ﻳﺦ ﻗﺮار داده ﺗﺎ ﺳﻠﻮﻟﻬﺎ ﻛﺎﻣﻼً  51-02nimﺑﻪ ﻣﺪت 
ﻣﻲ ﺑﺎﺷﺪ ﺟﻬﺖ آﻧﺎﻟﻴﺰ ﺑﻪ  etasyLﺳﺎﻧﺘﺮﻳﻔﻴﻮژ ﻛﺮده و اﻳﻦ ﺑﺎر ﻣﺎﻳﻊ روﻳﻲ را ﻛﻪ  4° Cدر دﻣﺎي  00031mprﺳﺮﻋﺖ 
ﺑﻪ . اﻓﺰوده ﺷﺪ 02Mmﺑﺎ ﻏﻠﻈﺖ (  ANp-DVED-cA) 3ﺧﺎﻧﻪ اﻳﻲ ﻣﻨﺘﻘﻞ ﻛﺮده و ﺑﻪ آن ﺳﻮﺑﺴﺘﺮاي ﻛﺎﺳﭙﺎز 69ﭘﻠﻴﺘﻬﺎي 
-cA) 3و ﻧﻤﻮﻧﻪ ﻣﻬﺎرﻛﻨﻨﺪه ﻛﺎﺳﭙﺎز( 2L/g ) 3ﻧﻤﻮﻧﻪ ﺑﺎ ﻛﻨﺘﺮل ﻣﺜﺒﺖ و ﻛﻨﺘﺮل ﻣﻨﻔﻲ از ﻧﻤﻮﻧﻪ ﻛﺎﺳﭙﺎز ﻣﻨﻈﻮر ﻣﻘﺎﻳﺴﻪ
در  07-09 nimﭘﺲ از ﭘﺮﻛﺮدن ﺣﻔﺮه ﻫﺎي ﭘﻠﻴﺖ، در ﭘﻮش آن ﮔﺬاﺷﺘﻪ و ﺑﺮاي . اﺳﺘﻔﺎده ﺷﺪ( 2Mm( )OHC-DVED
ه اﻻﻳﺰا رﻳﺪر ﺧﻮاﻧﺪه ﺷﺪ ﺗﻮﺳﻂ دﺳﺘﮕﺎ  504 mnﻫﺎي ﻧﻤﻮﻧﻪ ﻫﺎ در ﻃﻮل ﻣﻮج  DOﺳﭙﺲ . اﻧﻜﻮﺑﻪ ﮔﺮدﻳﺪ 73° Cدﻣﺎي 
ﻛﻠﻴﻪ )و ﻧﺘﺎﻳﺞ ﺑﺎ اﺳﺘﻔﺎده از ﻣﻨﺤﻨﻲ ﻛﺎﻟﻴﺒﺮاﺳﻴﻮن ﻏﻠﻈﺖ ـ ﺟﺬب ﭘﺎراﻧﻴﺘﺮوآﻧﻴﻠﻴﻦ و ﺿﺮﻳﺐ ﺗﺒﺪﻳﻞ اﺳﺘﺨﺮاج ﺷﺪﻧﺪ 
  (.ﻣﺮاﺣﻞ اﻳﻦ آزﻣﺎﻳﺶ ﺑﺮاﺳﺎس دﺳﺘﻮراﻟﻌﻞ ﻛﻴﺖ اﻧﺠﺎم ﮔﺮدﻳﺪ
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 GSSG و HSGاﻧﺪازه ﮔﻴﺮي ﻣﻴﺰان  -2-9-7
ﺳﻮﭘﺮﻧﺎﺗﺎﻧﺖ دور (. 1nim، 0001 mpr)ﺳﺎﻧﺘﺮﻳﻔﻮژ ﮔﺮدﻳﺪ  ﺗﻮﺳﻴﺘﻲاز ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﻫﭙﺎ 1lm، HSGﺑﺮاي اﻧﺪازه ﮔﻴﺮي 
، 0001 mpr)ﭘﺲ از ﺳﺎﻧﺘﺮﻳﻔﻮژ . ﮔﺮدﻳﺪاﺿﺎﻓﻪ % 01ﺗﺮي ﻛﻠﺮو اﺳﺘﻴﻚ اﺳﻴﺪ   ﻫﺎي رﺳﻮب ﻳﺎﻓﺘﻪ رﻳﺨﺘﻪ ﺷﺪ و ﺑﻪ ﺳﻠﻮل
  .ﮔﺮﻓﺖ، ﺳﻮﭘﺮﻧﺎﺗﺎﻧﺖ ﺟﻬﺖ آﻧﺎﻟﻴﺰ ﻣﻮرد اﺳﺘﻔﺎده ﻗﺮار (1nim
  TPO )lm/gm1(از ﻣﺤﻠﻮل 001µlﭘﺲ از آن . ﺷﺪاﺿﺎﻓﻪ  8= Hp ﺑﺎﺑﺎﻓﺮ اﻧﻜﻮﺑﺎﺳﻴﻮن   lm5.4از ﺳﻮﭘﺮﻧﺎﺗﺎﻧﺖ lm 5.0ﺑﻪ 
ﭘﺲ از اﻧﻜﻮﺑﺎﺳﻴﻮن .  ﺷﺪاز ﺳﻮﭘﺮﻧﺎﺗﺎﻧﺖ رﻗﻴﻖ ﺷﺪه در ﻣﺮﺣﻠﻪ ﻗﺒﻞ اﻓﺰوده  001µlﺑﺎﻓﺮ اﻧﻜﻮﺑﺎﺳﻴﻮن ﺑﻪ  1/8 lmو
ﺑﻪ    noissimEو  noitaticxE  ﻫﺎي  دﻗﻴﻘﻪ در دﻣﺎي اﺗﺎق، ﺷﺪت ﻓﻠﻮرﺳﺎﻧﺲ در ﻃﻮل ﻣﻮج 51ﻣﺤﻠﻮل ﺣﺎﺻﻠﻪ ﺑﻪ ﻣﺪت 
   .ﮔﻴﺮي ﺷﺪ اﻧﺪازه 024mn و 053 mn ﺮﺗﻴﺐﺗ
ﭘﺲ از ﺳﺎﻧﺘﺮﻳﻔﻮژ . از ﺳﻮﺳﭙﺎﻧﺴﻴﻮن ﻫﭙﺎﺗﻮﺳﻴﺘﻲ رت و ﻣﺎﻫﻲ را ﺳﺎﻧﺘﺮﻳﻔﻮژ ﮔﺮدﻳﺪ 1lm، HSGﺑﺮاي اﻧﺪازه ﮔﻴﺮي 
 002(از ﺳﻮﭘﺮﻧﺎﺗﺎﻧﺖ  ﺑﺪﺳﺖ آﻣﺪه از ﻣﺮﺣﻠﻪ ﻗﺒﻞ ﺑﺎ 0/5 lm .ﺳﻮﭘﺮﻧﺎﺗﺎﻧﺖ ﺟﻬﺖ آﻧﺎﻟﻴﺰ ﻣﻮرد ا ﺳﺘﻔﺎده ﻗﺮار ﮔﺮﻓﺖ
اﻓﺰوده  HOaN ) N1.0( ﺳﭙﺲ ﺑﻪ ﻣﺨﻠﻮط ﺣﺎﺻﻠﻪ . ﮔﺮدﻳﺪدﻗﻴﻘﻪ در دﻣﺎي اﺗﺎق اﻧﻜﻮﺑﻪ  03 ﺑﻪ ﻣﺪت  MEN ) M 40.0, lµ
 ) N1.0(اﻳﻦ ﺗﻔﺎوت ﻛﻪ ﺑﻪ ﺟﺎي ﺑﺎﻓﺮ اﻧﻜﻮﺑﺎﺳﻴﻮن از ﺑﺎ .ﮔﺮدﻳﺪﻋﻤﻞ  HSG ﮔﻴﺮي   ﺷﺪه و دﻗﻴﻘﺎً ﻣﺎﻧﻨﺪ روش اﻧﺪازه
و  GSSGﻲ ﻛﺎﻟﻴﺒﺮاﺳﻴﻮن ﺑﻮﺳﻴﻠﻪ ﻣﻨﺤﻨ Mµ  ﺑﺮ ﺣﺴﺐ HSG  و GSSG ﻣﻴﺰان. ﺑﻌﻨﻮان رﻗﻴﻖ ﻛﻨﻨﺪه اﺳﺘﻔﺎده ﺷﺪ  HOaN
  .ﮔﺮدﻳﺪﺧﺎﻟﺺ ﻣﺤﺎﺳﺒﻪ  HSG
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  ﻳﺎﻓﺘﻪ ﻫﺎ -3
ﻳﻚ ﺗﺮﻛﻴﺐ ﺷﻴﻤﻴﺎﻳﻲ در ﻣﺤﺪوده زﻣﺎﻧﻲ ﻣﻌﻴﻦ در ﺗﻜﻨﻴﻚ ﺳﻨﺠﺶ ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ، ﻋﺒﺎرت اﺳﺖ از ﻏﻠﻈﺘﻲ از  05CE
آن ﻣﺎده ﻛﻪ ﻣﻴﺰان ﻣﺮگ ﺳﻠﻮﻟﻲ ﻧﺎﺷﻲ از ﺗﺮﻛﻴﺐ ﺳﻤﻲ را در ﺳﻠﻮﻟﻬﺎي ﻣﻮرد آزﻣﺎﻳﺶ ﺑﻌﺪ از ﻫﻤﺎن زﻣﺎن ﻣﻌﻴﻦ 
ﻣﻨﺤﻨﻲ  sediorkirkylop muinidilhcoCﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ  05CEﺟﻬﺖ ﻳﺎﻓﺘﻦ . ﺑﺮﺳﺎﻧﺪ% 05 اﻧﻜﻮﺑﺎﺳﻴﻮن ﺑﻪ
. ﻣﺤﺎﺳﺒﻪ ﺷﺪ 05CE، (tiborp)دوز ـ ﭘﺎﺳﺦ ﺑﺎ ﻏﻠﻈﺖ ﻫﺎي ﻣﺘﻔﺎوت از اﻳﻦ ﺗﺮﻛﻴﺒﺎت ﺗﺮﺳﻴﻢ و از روي ﺧﻂ رﮔﺮﺳﻴﻮن 
ﺳﺎﻋﺖ، ﻏﻠﻈﺖ ﻫﺎي ﺳﻪ  05CEﻲ ﺑﻪ ﻋﺒﺎرﺗ ﺎﻳ ﻨﻪﻴﺑﻪ دﺳﺖ آوردن ﻏﻠﻈﺖ ﺑﻬ يﺑﺮادر ﻣﻮرد ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت، 
ﻣﺘﻔﺎوﺗﻲ از ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﮔﺮﻓﺖ ﻛﻪ ﺑﺎ اﺳﺘﻔﺎده از ﻣﻨﺤﻨﻲ رﮔﺮﺳﻴﻮن، رﻗﺖ ﻣﻌﺎدل 
ﺳﻪ ﺳﺎﻋﺖ در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت در ﻧﻈﺮ  05CEﺳﻠﻮل ﺟﻠﺒﻚ در ﻣﻴﻠﻲ ﻟﻴﺘﺮ ﺑﺮاي ﻋﺼﺎره ي ﺟﻠﺒﻚ ﺑﻪ ﻋﻨﻮان  042
دو ﺳﺎﻋﺖ، ﻏﻠﻈﺖ ﻫﺎي ﻣﺘﻔﺎوﺗﻲ از  05CEدن ﻏﻠﻈﺖ ﺑﻪ دﺳﺖ آور يﺑﺮادر ﻣﻮرد ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ، . ﮔﺮﻓﺘﻪ ﺷﺪ
ﺳﻠﻮل  2ﻋﺼﺎره و ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﮔﺮﻓﺖ ﻛﻪ ﺑﺎ اﺳﺘﻔﺎده از ﻣﻨﺤﻨﻲ رﮔﺮﺳﻴﻮن، رﻗﺖ ﻣﻌﺎدل 
دو ﺳﺎﻋﺖ در در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ ﻗﺰل آﻻ  ﻧﻈﺮ   05CEﺟﻠﺒﻚ در ﻣﻴﻠﻲ ﻟﻴﺘﺮ ﺑﺮاي ﻋﺼﺎره ي ﺟﻠﺒﻚ ﺑﻪ ﻋﻨﻮان 
  .ﮔﺮﻓﺘﻪ ﺷﺪ
وﻗﺘﻲ از ﺣﺪاﻛﺜﺮ ﻏﻠﻈﺖ ﻣﻤﻜﻦ ﻣﺤﻴﻂ رﺷﺪ ﺟﻠﺒﻚ در ﺗﺴﺖ ﻫﺎي ﺑﺮرﺳﻲ ﺳﻤﻴﺖ اﺳﺘﻔﺎده  ﺷﺎﻳﺎن ذﻛﺮ اﺳﺖ ﻛﻪ
ﮔﺮدﻳﺪ، در ﻣﻮرد ﻫﺮ دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ﻫﻴﭻ ﮔﻮﻧﻪ اﺧﺘﻼف ﻣﻌﻨﻲ داري ﺑﺎ ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻛﻨﺘﺮل ﻣﺸﺎﻫﺪه 
  . ﻧﮕﺮدﻳﺪ
ذﻳﻞ ذﻛﺮ ﻛﻠﻴﻪ ي ﺗﺴﺖ ﻫﺎي ﺑﻴﺎن ﺷﺪه در ﻃﺮح اﻧﺠﺎم و ﻳﺎﻓﺘﻪ ﻫﺎي ﺣﺎﺻﻞ از ﺗﺴﺖ ﻫﺎي اﻧﺠﺎم ﺷﺪه در ﺟﺪاول 
  .ﮔﺮدﻳﺪه اﺳﺖ
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Table 1- Effect of antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents and CYT P450 
inhibitors on Algal extract cytotoxicity in hepatocytes. 
Cytotoxicity (%) 
4h  
Cytotoxicity (%) 
3h  
Cytotoxicity (%) 
2h  Addition  
25±3  21±3 18±2 Control rat hepatocytes 
67±5a  51±4a  36±3a  Algal extract (Eq. 240cells/ml) 
32±3b  26±3b  19±2b  +α-Tocopherol succinate (10µM) 
36±4b  24±2b  16±2b  +Mannitol (50mM) 
40±4b  31±4b  26±3b  +Dimethyl sulfoxide (150µM) 
53±5b  42±4b  29±2b  +Carnitine (2mM) 
54±4b  41±3b  30±1b  +Glucose (10mM) 
±6b53  39±3b  28±3b  +Trifluoprazine (15µM)  
45±5b  42±4b  26±2b  +Phenylimidazole (300µM) 
48±4b  39±4b  27±3b  +Diphenylene iodonium chloride (0.05 mM)  
63±6  49±5  34±3  + 3-Methyladenine (5mM)  
71±4  53±4  31±4  +Chloroquine (100µM) 
64±5  47±5  33±4  +Monensin (10µM)  
75±4  57±6  38±4  +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for  2,3 &4 hours following 
the addition of EC503h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that 
the extract at 100% was obtained from a lysate of C. polykricoides. Cytotoxicity was determined as the 
percentage of cells that take up trypan blue (Pourahmad and O’Brien, 2000). 
Values are expressed as mean±SD of three separate experiments (n=3). 
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
 
 
20/   ﻲﻳﺎﻬﻧ شراﺰﮔ ﻲﺗﺎﻘﻴﻘﺤﺗ يﺎﻫ حﺮﻃ   
Table 2- Effect of antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents, and CYT 
P450 inhibitors on Algal extract ROS formation in hepatocytes.. 
DCF 
 
Incubation time 
 
Addition 
 180 min 120 min 90 min 60 min 30 min 
4167±120 4033±79  3985±127 3923±143 3570±135 Control rat hepatocytes 
5678±155 a 6754±213 a 6809±245 a 6892±170 a 6232±156 a Algal extract (Eq. 240cells/ml) 
4358±56 b 4474±450 b 4768±176 b 4707±196 b 4534±102 b +α-Tocopherol succinate (10µM) 
4324±166 b 3464±202 b 4734±110 b 4455±55 b 4345±207 b +Mannitol (50mM) 
4394±84 b 4436±175 b 4932±98 b 4744±108 b 4621±86 b +Dimethyl sulfoxide (150µM) 
4148±87 b 3957±131 b 4786±128 b 4541±91 b 4693±176 b +Carnitine (2mM) 
3829±75 b 4275±570 b 3992±149 b 4346±305 b 3890±430 b +Glucose (10mM) 
4324±402 b 4234±185 b 4602±140 b 3876±152 b 3822±179 b +Trifluoprazine (15µM)  
3834±102 b 4324±462 b 3876±176 b 4243±312 b 3876±421 b +Phenylimidazole (300µM) 
4427±402 b 4173±207 b 4592±137 b 3972±125 b 3745±187 b +Diphenylene iodonium  
chloride (0.05 mM)  
5701±183  6746±235  6792±281  6789±192 6023±178  + 3-Methyladenine (5mM)  
5871±215  6862±248  6782±204  6981±184  6389±165  +Chloroquine (100µM) 
5692±202  6643±258  6902±198  6822±209  5971±189  +Monensin (10µM)  
4211±41b 5973±212b 6893±151 7365±147 6245±570 +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 3.0 h following the 
addition of EC503h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of C. polykricoides. DCF formation was expressed as fluorescent 
intensity units (pourahmad et al., 2009).  
Values are expressed as mean±SD of three separate experiments (n=3). 
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 3- Effect of lipid antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents, and CYT 
P450 inhibitors on Algal extract induced Mitochondrial membrane potential decrease in hepatocytes.  
%∆Ψm 
Incubation time Addition 
180 min 120 min 90 min 60 min 30 min 
5±1 4±1 2±2 2±1 0 Control rat hepatocytes 
28±3 a 20±2 a 16±2 a 19±2a 13±1 a Algal extract (Eq. 240cells/ml) 
12±1b 12±2b 10±2b 5±1b 6±1b +α-Tocopherol succinate (10µM) 
7±1b 6±1b 6±2b 8±1b 5±1b +Mannitol (50mM) 
7±1b 6±1b 6±2b 8±1b 5±1b +Dimethyl sulfoxide (150µM) 
15±1b 12±2b 10±2b 8±1b 2±1b +Carnitine (2mM) 
16±1b 13±1b 11±2b 8±1b 7±1b +Glucose (10mM) 
14±1b 13±1b 9±2b 7±1b 6±1b +Trifluoprazine (15µM)  
6±1b 4±2b 5±1b 3±1b 3±1b +Phenylimidazole (300µM) 
10±1b 11±2b 7±1b 4±1b 2±1b +Diphenylene iodonium chloride (0.05 
mM)  
24±2 19±1 18±2 16±2 11±2 + 3-Methyladenine (5mM)  
27±2 21±3 18±2 17±1 14±1 +Chloroquine (100µM) 
22±3 18±1 17±2 15±2 12±1 +Monensin (10µM)  
34±2 b 29±2 b 20±2 18±1 12±1 +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 3.0 h following the 
addition of EC503h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of C. polykricoides. Mitochondrial membrane potential was 
determined as the difference in mitochondrial uptake of the rhodamine 123 between control and treated cells and 
expressed as fluorescence intensity unit (Andersson et al., 1987).  
Values are expressed as mean±SD of three separate experiments (n=3). 
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 4- Comparison between Control hepatocytes and Algal extract induced Lysosomal membrane integrity changes.  
% Acridine orange redistribiution 
Incubation time Addition 
180 min 120 min 90 min 60 min 30 min 
10±1 6±1 4±1 2±1 0 Control rat hepatocytes 
9±2 7±2 5±1 2±1 1±1 Algal extract (Eq. 240cells/ml) 
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 3.0 h following the 
addition of EC503h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of C. polykricoides.  Lysosomal membrane damage was determined 
as intensity unit of diffuse cytosolic green fluorescence induced by acridine orange following the release from 
lysosomes (adapted from Brunk et al., 1995). 
Values are expressed as mean±SD of three separate experiments (n=3).  
a Significant difference in comparison with control hepatocytes (P < 0.05). 
 
Table 5- Effect of lipid antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents, and CYT 
P450 inhibitors on Algal extract induced Caspase-3 activity changes in hepatocytes. 
Caspase-3 activity 
(µM pNA/ml/min) Addition 
43±4 Control rat hepatocytes 
128±6a Algal extract (Eq. 240cells/ml) 
46±3b +α-Tocopherol succinate (10µM) 
55±3b +Mannitol (50mM) 
62±3b +Dimethyl sulfoxide (150µM) 
76±3b +Carnitine (2mM) 
65±4b +Glucose (10mM) 
77±4b +Trifluoprazine (15µM)  
69±3b +Phenylimidazole (300µM) 
74±4b +Diphenylene iodonium chloride (0.05 mM)  
118±5 + 3-Methyladenine (5mM)  
130±4 +Chloroquine (100µM) 
126±4 +Monensin (10µM)  
143±6b +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 90 min following the 
addition of EC503h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of c.polykricoides. Caspase-3 activity was determined by Sigma-
Aldrich kit (Sakahira et al;1998).The kit determines produced pNA that is released from the interaction of 
caspase-3 and AC-DEVD-pNA (peptide substrate). 
Values are expressed as mean±SD of three separate experiments (n=3).  
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 6- Effect of lipid antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents, and CYT 
P450 inhibitors on Algal extract induced glutathione depletion in hepatocytes. 
Extra cellular 
GSSG(µM) 
3h 
Intracellular GSH(µM) 
3h Addition 
5.4±0.7 57±4 Control rat hepatocytes 
12±1.6 a 15±3a Algal extract (Eq. 240cells/ml) 
4.3±0.5b 35±4b +α-Tocopherol succinate (10µM) 
5.2±0.4b 29±3b +Mannitol (50mM) 
5.5±0.6b 27±3b +Dimethyl sulfoxide (150µM) 
4.5±0.7b 25±3b +Carnitine (2mM) 
3.8±0.4b 32±5b +Glucose (10mM) 
5.6±0.7b 30±3b +Trifluoprazine (15µM)  
4.7±0.5b 28±4b +Phenylimidazole (300µM) 
6.4±0.6b 36±5b +Diphenylene iodonium chloride (0.05 mM)  
9±0.6 17±3 + 3-Methyladenine (5mM)  
11.2±0.8 14±4 +Chloroquine (100µM) 
9.8±1 18±3 +Monensin (10µM)  
16±1.2b 9±3b +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 90 min following the 
addition of EC503h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of c.polykricoides. Intracellular GSH and extra cellular GSSG were 
flurimetrically determined as described by Hissin and Hilf, 1978.  
Values are expressed as mean±SD of three separate experiments (n=3).  
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 7- Comparison between Control hepatocytes and Algal growth media induced cytotoxicity  
Cytotoxicity (%) 
4h  
Cytotoxicity (%) 
3h  
Cytotoxicity (%) 
2h  Addition  
25±3  21±3 18±2 Control rat hepatocytes 
28±4  25±4  20±4  +Algal growth media  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for  2,3 &4 hours following 
the addition of Algal growth media. Cytotoxicity was determined as the percentage of cells that take up trypan 
blue (Pourahmad and O’Brien, 2000).  
Values are expressed as mean±SD of three separate experiments (n=3).  
a Significant difference in comparison with control hepatocytes (P < 0.05). 
 
 
Table 8- Comparison between Control hepatocytes and Algal growth media induced Cytotoxicity and ROS formation 
DCF 
 
Incubation time 
 
Addition 
 180 min 120 min 90 min 60 min 30 min 
4167±120 4033±79  3985±127 3923±143 3570±135 Control rat hepatocytes 
4092±164  4246±314  4208±193  4021±161  3729±145  +Algal growth media 
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 4.0 h following the 
addition of Algal growth media. Cytotoxicity was determined as the percentage of cells that take up trypan blue 
(Pourahmad and O’Brien, 2000). DCF formation was expressed as fluorescent intensity units (Shen et al., 1996). 
TBARS formation was expressed as nM concentrations (Smith et al., 1982). 
Values are expressed as mean±SD of three separate experiments (n=3).  
a Significant difference in comparison with control hepatocytes (P < 0.05). 
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Table 9- Effect of antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents and CYT P450 
inhibitors on Algal extract induced trout hepatocytes cytotoxicity 
Cytotoxicity (%) 
2h  Addition  
15±2 Control trout hepatocytes 
54±5a  Algal extract (Eq. 2 cells/ml) 
17±3b  +α-Tocopherol succinate (10µM) 
19±4b  +Mannitol (50mM) 
26±4b  +Dimethyl sulfoxide (150µM) 
19±3b  +Carnitine (2mM) 
21±3b  +Glucose (10mM) 
24±4b  +Trifluoprazine (15µM)  
34±5b  +Phenylimidazole (300µM) 
31±4b  +Diphenylene iodonium chloride (0.05 mM)  
30±3b  + 3-Methyladenine (5mM)  
33±4b  +Chloroquine (100µM) 
27±3b  +Monensin (10µM)  
58±5  +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for  2 hours following the 
addition of EC502h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of C. polykricoides. Cytotoxicity was determined as the percentage of 
cells that take up trypan blue (Pourahmad and O’Brien, 2000). 
Values are expressed as mean±SD of three separate experiments (n=3). 
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 10- Effect of antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents, and CYT 
P450 inhibitors on Algal extract ROS formation in hepatocyte. 
DCF 
 
Incubation time 
 
Addition 
 60 min 30 min 15 min 
66±6 62±4 58±5 Control trout hepatocytes 
129±6 a 135±7 a 112±10a Algal extract (Eq. 2 cells/ml) 
68±9 b 67±7 b 64±6 b +α-Tocopherol succinate (10µM) 
67±8 b 59±4 b 56±5 b +Mannitol (50mM) 
71±7 b 64±8 b 62±6 b +Dimethyl sulfoxide (150µM) 
78±8 b 71±9 b 69±6 b +Carnitine (2mM) 
69±9 b 66±5 b 59±5 b +Glucose (10mM) 
68±7 b 64±6 b 56±7 b +Trifluoprazine (15µM)  
75±8 b 71±7 b 63±4 b +Phenylimidazole (300µM) 
82±7 b 72±5 b 65±7 b +Diphenylene iodonium  
chloride (0.05 mM)  
72±8 b 67±7 b 57±6 b + 3-Methyladenine (5mM)  
79±9 b 69±5 b 61±5 b +Chloroquine (100µM) 
74±5b 68±4 b 59±6 b +Monensin (10µM)  
138±7 b 154±12b 110±7 +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 1.0 h following the 
addition of EC502h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of C. polykricoides. DCF formation was expressed as fluorescent 
intensity units (pourahmad et al., 2009).  
Values are expressed as mean±SD of three separate experiments (n=3). 
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 11- Effect of lipid antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents, and 
CYT P450 inhibitors on Algal extract induced Mitochondrial membrane potential decrease in hepatocytes.  
%∆Ψm 
Incubation time 
Addition 
60 min 30 min 15 min 
 
7±3 4±2 0 Control trout hepatocytes 
66±5 a 59±4a 43±4 a Algal extract (Eq. 2 cells/ml) 
9±2b 5±2b 2±1b +α-Tocopherol succinate (10µM) 
16±4b 10±2b 5±1b +Mannitol (50mM) 
15±2b 9±3b 4±2b +Dimethyl sulfoxide (150µM) 
8±2b 5±1b 2±1b +Carnitine (2mM) 
9±3b 9±2b 4±2b +Glucose (10mM) 
11±2b 6±3b 3±1b +Trifluoprazine (15µM)  
8±2b 5±2b 2±1b +Phenylimidazole (300µM) 
15±2b 10±4b 6±1b +Diphenylene iodonium chloride (0.05 mM)  
13±2b 6±2 b 3±2b + 3-Methyladenine (5mM)  
15±3 b 8±2 b 4±2 b +Chloroquine (100µM) 
10±2b 11±3 b 2±1b +Monensin (10µM)  
76±4b 62±4 46±5 +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 1.0 h following the 
addition of EC502h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of C. polykricoides. Mitochondrial membrane potential was 
determined as the difference in mitochondrial uptake of the rhodamine 123 between control and treated cells and 
expressed as fluorescence intensity unit (Andersson et al., 1987).  
Values are expressed as mean±SD of three separate experiments (n=3). 
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 12- Comparison between Control rat hepatocytes and Algal extract induced Lysosomal membrane 
integrity changes in hepatocytes. 
% Acridine orange redistribiution 
Incubation time 
 
Addition 
 60 min 30 min 15 min 
3±1 3±1 0 Control trout hepatocytes 
69±4a 67±5a 42±3a Algal extract (Eq. 2 cells/ml) 
2±2b 3±1b 2±0.5b +α-Tocopherol succinate (10µM) 
14±2b 7±1b 2±1b +Mannitol (50mM) 
15±2b 6±1b 3±0.7b +Dimethyl sulfoxide (150µM) 
17±3b 9±2b 3±1b +Carnitine (2mM) 
13±1b 7±2b 4±2b +Glucose (10mM) 
19±3b 8±1b 2±1b +Trifluoprazine (15µM)  
17±2b 11±2b 3±1b +Phenylimidazole (300µM) 
12±1b 9±2b 7±2b +Diphenylene iodonium chloride (0.05 mM)  
13±3b 4±1b 2±1b + 3-Methyladenine (5mM)  
16±2b 5±2b 3±1b +Chloroquine (100µM) 
11±1b 5±2b 3±1b +Monensin (10µM)  
79±3b 59±4 40±3 +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 1.0 h following the 
addition of EC502h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of C. polykricoides.  Lysosomal membrane damage was determined 
as intensity unit of diffuse cytosolic green fluorescence induced by acridine orange following the release from 
lysosomes (adapted from Brunk et al., 1995). 
Values are expressed as mean±SD of three separate experiments (n=3).  
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 13- Effect of lipid antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents, and 
CYT P450 inhibitors on Algal extract induced Caspase-3 activity changes in hepatocytes. 
Caspase-3 activity 
(µM pNA/ml/min) Addition 
51±3 Control trout hepatocytes 
142±5a Algal extract (Eq. 2 cells/ml) 
59±3b +α-Tocopherol succinate (10µM) 
53±3b +Mannitol (50mM) 
60±3b +Dimethyl sulfoxide (150µM) 
56±2b +Carnitine (2mM) 
63±3b +Glucose (10mM) 
69±3b +Trifluoprazine (15µM)  
57±4b +Phenylimidazole (300µM) 
65±2b +Diphenylene iodonium chloride (0.05 mM)  
68±5b + 3-Methyladenine (5mM)  
79±3b +Chloroquine (100µM) 
72±4b +Monensin (10µM)  
137±6b +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 60 min following the 
addition of EC502h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of c.polykricoides. Caspase-3 activity was determined by Sigma-
Aldrich kit (Sakahira et al;1998).The kit determines produced pNA that is released from the interaction of 
caspase-3 and AC-DEVD-pNA (peptide substrate). 
Values are expressed as mean±SD of three separate experiments (n=3).  
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 14- Effect of lipid antioxidant, ROS scavengers, MPT pore sealing agents, lysosomotropic agents, and 
CYT P450 inhibitors on Algal extract induced glutathione depletion in hepatocytes.  
Extra cellular 
GSSG(µM) 
2h 
Intracellular GSH(µM) 
2h Addition 
7.3±0.5 59±4 Control trout hepatocytes 
15±2.1 a 9±2a Algal extract (Eq. 2 cells/ml) 
5±0.9b 42±3b +α-Tocopherol succinate (10µM) 
5.2±1b 35±4b +Mannitol (50mM) 
3.5±0.7b 36±2b +Dimethyl sulfoxide (150µM) 
4.6±1.2b 38±3b +Carnitine (2mM) 
3.9±0.8b 37±4b +Glucose (10mM) 
5.5±1b 32±2b +Trifluoprazine (15µM)  
5±1.2b 28±2b +Phenylimidazole (300µM) 
4.6±0.7b 34±4b +Diphenylene iodonium chloride (0.05 mM)  
5.8±1.5 b 27±4 b + 3-Methyladenine (5mM)  
8.1±1.1 b 31±3 b +Chloroquine (100µM) 
7.5±1.4 b 26±4 b +Monensin (10µM)  
19.3±1.2b 7±2 +n-Bromoheptane  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 2hours following the 
addition of EC502h of Algal extract. The dinoflagellate concentration equivalent to algal extract considers that the 
extract at 100% was obtained from a lysate of c.polykricoides. Intracellular GSH and extra cellular GSSG were 
flurimetrically determined as described by Hissin and Hilf, 1978.  
Values are expressed as mean±SD of three separate experiments (n=3).  
a Significant difference in comparison with control hepatocytes (P < 0.05). 
b Significant difference in comparison with Algal extract ( treated hepatocytes (P < 0.05). 
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Table 15- Comparison between Control hepatocytes and Algal growth media induced cytotoxicity. 
Cytotoxicity (%) 
2h  Addition  
15±2 Control trout hepatocytes 
19±4  +Algal growth media  
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 2 hours following the 
addition of Algal growth media. Cytotoxicity was determined as the percentage of cells that take up trypan blue 
(Pourahmad and O’Brien, 2000). 
Values are expressed as mean±SD of three separate experiments (n=3). 
a Significant difference in comparison with control hepatocytes (P < 0.05). 
 
 
 
Table 16- Comparison between Control hepatocytes and Algal growth media induced Cytotoxicity, ROS 
formation and lipid peroxidation. 
DCF 
 
Incubation time 
 
Addition 
 60 min 30 min 15 min 
66±6 62±4 58±5 Control trout hepatocytes 
63±4 64±3 54±5 +Algal growth media 
Hepatocytes (106cells/ml) were incubated in Krebs–Henseleit buffer pH 7.4 at 37◦C for 3.0 h following the 
addition of Algal growth media. Cytotoxicity was determined as the percentage of cells that take up trypan blue 
(Pourahmad and O’Brien, 2000). DCF formation was expressed as fluorescent intensity units (Shen et al., 1996). 
TBARS formation was expressed as nM concentrations (Smith et al., 1982). 
Values are expressed as mean±SD of three separate experiments (n=3).  
a Significant difference in comparison with control hepatocytes (P < 0.05). 
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Figure 1- Proposed mechanism for C.polykricoides induced hepatocyte toxicity in trout hepatocytes- Bid 
and Bax- two pro-apoptotic proteins, MPT pore- mitochondrial permeability transition pore, PLA2- 
phospholipase A2, ROS- reactive oxygen species, SOD2- mitochondrial superoxide dismutase-2. 
  
 
(A)                                                     (B)                                                            (C)   
          
(D)                                                (E)                                                                  
Figure 2- Apoptosis phenotype in rat and trout hepatocytes following the exposure of algal extract 
detected by AnnCy3. 6-CFDA is a non-fluorescent compound and when enters a live viable cell (control cell), it 
is hydrolyzed and converted to a highly fluorescent compound 6-CF(green fluorescence) that remains in the 
cytoplasm (photograph A: rat hepatocytes, D: trout hepatocytes). After the apoptosis initiated, the membrane PS 
translocated from the inner leaflet of the plasma membrane to the cell surface. There, PS can be easily identified 
by staining with a red fluorescent conjugate of Annexin V. Hepatocytes in the early stage of apoptosis will be 
dyed with both AnnCy3 (red) spots within 6-CF (green) background. Photograph B (rat hepatocytes) and E (trout 
hepatocytes) show apoptosis phenotype in hepatocytes exposed to algal extract. Necrotic cells will only be 
labeled with AnnCy3 (red). Photograph C shows a necrotic cell. 
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  ﺑﺤﺚ وﻧﺘﻴﺠﻪ ﮔﻴﺮي -4
  (ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت)اﺛﺮ ﺟﻠﺒﻚ ﺑﺮ ﺳﻠﻮل ﭘﺴﺘﺎﻧﺪاران  ﻧﺘﺎﻳﺞ -4-1
ﺑﻪ ﻧﻈﺮ ﻣﻲ رﺳﺪ ﻛﻪ اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ ﻳﻜﻲ از ﻣﻜﺎﻧﻴﺰﻣﻬﺎي ﻣﻄﺮح ﺳﻤﻴﺖ ﻛﺒﺪي ﻧﺎﺷﻲ از ﻋﺼﺎره ي ﺟﻠﺒﻚ 
 muinidolhcoCﺟﻠﺒﻚ   ﻋﺼﺎره ي. در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت و ﻣﺎﻫﻲ ﻣﻲ ﺑﺎﺷﺪ sediocirkylop muinidolhcoC
ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ اﻳﻨﻜﻪ ﻋﺼﺎره (. 01و  2ﺟﺪول )ﻟﻬﺎي رت و ﻣﺎﻫﻲ زﻳﺎد ﻣﻲ ﻛﻨﺪ را در ﺳﻠﻮ SORﺗﻮﻟﻴﺪ  sediocirkylop
ﻣﺎ در دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ﻳﻚ ﺗﺮﻛﻴﺐ اﻛﺴﻴﺪاﻳﺰر  ﺑﺮ ﻃﺒﻖ آزﻣﺎﻳﺸﺎت sediocirkylop muinidolhcoCﺟﻠﺒﻚ 
 اﺳﺖ، اﻧﺘﻲ اﻛﺴﻴﺪان ﻫﺎ در ﺣﻔﺎﻇﺖ از ﺳﻠﻮل در ﺑﺮاﺑﺮ اﺛﺮات( ﺗﻮﻟﻴﺪ ﺑﺎﻻي رادﻳﻜﺎل ﻫﺎي ﻓﻌﺎل اﻛﺴﻴﮋن در ﺳﻠﻮل)
در ﻣﻄﺎﻟﻌﺔ ﻣﺎ ﺳﻤﻴﺖ ﻋﺼﺎره ﺟﻠﺒﻚ (. 01، 9، 2، 1ﺟﺪاول )ﻣﺨﺮب اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ ﻧﺎﺷﻲ از آن ﻣﻮﺛﺮ ﻣﻲ ﺑﺎﺷﻨﺪ 
ﻣﺎﻧﻴﺘﻮل، دي ﻣﺘﻴﻞ )،  ﺟﺎذب رادﻳﻜﺎل آزاد (آﻟﻔﺎ ﺗﻮﻛﻮﻓﺮول)ﺗﻮﺳﻂ اﻧﺘﻲ اﻛﺴﻴﺪان  sediocirkylop muinidolhcoC
در دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ( ﻓﻠﻮﭘﺮازﻳﻦﻛﺎرﻧﻴﺘﻴﻦ، ﮔﻠﻮﻛﺰ و ﺗﺮي )  TPMو ﻋﻮاﻣﻞ ﻣﺴﺪود ﻛﻨﻨﺪه ( ﺳﻮﻟﻔﻮﻛﺴﺎﻳﺪ
 muinidolhcoCﭘﻴﺸﮕﻴﺮي ﺷﺪه، ﻛﻪ ﻧﺸﺎن ﻣﻲ دﻫﺪ ﺗﺸﻜﻴﻞ رادﻳﻜﺎﻟﻬﺎي آزاد در ﺳﻤﻴﺖ ﻋﺼﺎره ي ﺟﻠﺒﻚ 
ﺷﺎﻳﺎن ذﻛﺮ اﺳﺖ ﻛﻪ ﻫﻤﺔ ﻋﻮاﻣﻞ ﺑﻪ ﻛﺎر رﻓﺘﻪ در آزﻣﺎﻳﺶ (. 01، 9، 2، 1ﺟﺪاول )ﻧﻘﺶ اﺳﺎﺳﻲ دارد sediocirkylop
داده )ه ﺷﺪه ﻫﻴﭻ ﺗﺄﺛﻴﺮ ﺳﻤﻴﺘﻲ ﺑﺮ ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت و ﻣﺎﻫﻲ ﻧﺪاﺷﺖ ﻫﺎي ذﻛﺮ ﺷﺪه  ﺑﻪ ﺗﻨﻬﺎﻳﻲ در ﻏﻠﻈﺘﻬﺎي اﺳﺘﻔﺎد
  (.ﻫﺎ ﻧﺸﺎن داده ﻧﺸﺪه اﻧﺪ
-3ﻛﻠﺮوﻛﻴﻦ، ﻣﻮﻧﻨﺰﻳﻦ و )ﻧﺘﺎﻳﺞ ﻣﺎ ﻧﺸﺎن داد ﻛﻪ در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ، ﻣﺤﺎﻓﻈﺖ ﻛﻨﻨﺪﮔﺎن ﻏﺸﺎي ﻟﻴﺰوزوﻣﻲ 
از ﺟﻤﻠﻪ ﻟﻴﺰ  sediocirkylop muinidolhcoCاﺛﺮ ﭘﻴﺸﮕﻴﺮي ﻛﻨﻨﺪه اي در ﺑﺮاﺑﺮ اﺛﺮات ﺳﻤﻲ ﻋﺼﺎره ﺟﻠﺒﻚ ( ﻣﺘﻴﻞ آدﻧﻴﻦ
ﻛﻪ ﺣﺎﻛﻲ از آن (  01و  9ﺟﺪول )را از ﺧﻮد ﻧﺸﺎن دادﻧﺪ ( SOR) ﺷﺪن ﻏﺸﺎي ﻫﭙﺎﺗﻮﺳﻴﺖ و ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي آزاد
اﺳﺖ ﻛﻪ ﻧﺸﺖ ﻏﺸﺎي ﻟﻴﺰوزوم ﻣﻲ ﺗﻮاﻧﺪ ﺳﻴﺘﻮﺗﻮﻛﺴﻴﺴﺘﻲ ﻧﺎﺷﻲ از اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ ﻋﺼﺎره ي ﺟﻠﺒﻚ 
از ﻃﺮف دﻳﮕﺮ ﻧﺘﺎﻳﺞ ﻣﺎ ﻧﺸﺎن داد ﻛﻪ . ﺗﺴﺮﻳﻊ وﺗﺸﺪﻳﺪ ﻛﻨﺪرا در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ  sediocirkylop muinidolhcoC
ﻫﻴﭻ ﮔﻮﻧﻪ اﺛﺮ ( ﻣﺘﻴﻞ آدﻧﻴﻦ-3ﻛﻠﺮوﻛﻴﻦ، ﻣﻮﻧﻨﺰﻳﻦ و )در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت، ﻣﺤﺎﻓﻈﺖ ﻛﻨﻨﺪﮔﺎن ﻏﺸﺎي ﻟﻴﺰوزوﻣﻲ 
از ﺧﻮد ﻧﺸﺎن  sediocirkylop muinidolhcoCﻣﻌﻨﻲ دار ﭘﻴﺸﮕﻴﺮي ﻛﻨﻨﺪه اي در ﺑﺮاﺑﺮ اﺛﺮات ﺳﻤﻲ ﻋﺼﺎره ﺟﻠﺒﻚ 
   ﻃﺮح ﻫﺎي ﺗﺤﻘﻴﻘﺎﺗﻲ ﮔﺰارش ﻧﻬﺎﻳﻲ   /43
اﻳﻦ ﻳﺎﻓﺘﻪ ﻧﺸﺎن ﻣﻲ دﻫﺪ ﻛﻪ ﻧﺸﺖ ﻏﺸﺎي ﻟﻴﺰوزوم ﻧﻘﺸﻲ در ﺳﻴﺘﻮﺗﻮﻛﺴﻴﺴﺘﻲ (. 6و  5، 4، 3، 2، 1ﺟﺪول )ﻧﺪادﻧﺪ 
  .در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت ﻧﺪارد sediocirkylop muinidolhcoCﻧﺎﺷﻲ از اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ ﻋﺼﺎره ي ﺟﻠﺒﻚ 
. رﮔﻴﺮ ﻣﻲ ﻛﻨﺪرا د 054P TYCﻳﻜﻲ از ﻣﺴﻴﺮﻫﺎ، . ﻣﻲ ﺗﻮاﻧﺪ ﺗﻮﺳﻂ ﻣﻜﺎﻧﻴﺰم ﻫﺎي دﻳﮕﺮ داﺧﻞ ﺳﻠﻮل ﺗﻮﻟﻴﺪ ﺷﻮد SOR
ﻳﻜﻲ از اﻟﻘﺎ ﻛﻨﻨﺪه ﻫﺎي ﻗﺪرﺗﻤﻨﺪ اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ در ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي رت و ﻣﺎﻫﻲ اﺳﺖ ﻛﻪ از ﻃﺮﻳﻖ  054P TYC
ﻧﺘﺎﻳﺞ ﻣﺎ ﻧﺸﺎن داد ﻛﻪ در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ، . ﺗﺸﻜﻴﻞ ﻣﺘﺎﺑﻮﻟﻴﺘﻬﺎي ﻓﻌﺎل ﺑﻴﻮﻟﻮژﻳﻚ واﻟﻜﺘﺮوﻓﻴﻞ ﻋﻤﻞ ﻣﻲ ﻛﻨﺪ
ﺟﻠﻮي ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ اﻟﻘﺎ ﺷﺪه ﺗﻮﺳﻂ ( وﻧﻴﻮم ﻛﻠﺮاﻳﺪﻓﻨﻴﻞ اﻳﻤﻴﺪازول و دي ﻓﻨﻴﻞ ﻳﺪ) 054P TYCﻣﻬﺎر ﻛﻨﻨﺪﮔﺎن
ﺟﺪول )، ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي آزاد و آﺳﻴﺐ ﻏﺸﺎي ﻟﻴﺰوزوم را ﮔﺮﻓﺘﻨﺪ sediocirkylop muinidolhcoCﻋﺼﺎره ي ﺟﻠﺒﻚ 
ﻓﻨﻴﻞ اﻳﻤﻴﺪازول و ) 054P TYCﻫﻤﭽﻨﻴﻦ ﻧﺘﺎﻳﺞ ﻣﺎ ﻧﺸﺎن داد ﻛﻪ در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت، ﻣﻬﺎر ﻛﻨﻨﺪﮔﺎن(.21و  01، 9
و  sediocirkylop muinidolhcoCﺟﻠﻮي ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ اﻟﻘﺎ ﺷﺪه ﺗﻮﺳﻂ ﻋﺼﺎره ي ﺟﻠﺒﻚ ( م ﻛﻠﺮاﻳﺪدي ﻓﻨﻴﻞ ﻳﺪوﻧﻴﻮ
ﻣﻲ ﺗﻮان ﭘﻴﺸﻨﻬﺎد ﻛﺮد ﻛﻪ اﻓﺰاﻳﺶ اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ، ﻣﺮﺗﺒﻂ ﺑﺎ (. 2و  1ﺟﺪول )ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي آزاد را ﮔﺮﻓﺘﻨﺪ 
در دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ  ، sediocirkylop muinidolhcoCﺗﺸﻜﻴﻞ ﻣﺘﺎﺑﻮﻟﻴﺘﻬﺎي ﻓﻌﺎل ﻧﺎﺷﻲ از ﻋﺼﺎره ي ﺟﻠﺒﻚ 
ﺑﺮاﺳﺎس ﻧﺘﺎﻳﺞ ﺑﻪ دﺳﺖ آﻣﺪه، ﻋﺼﺎره ي ﺟﻠﺒﻚ در دو ﮔﻮﻧﻪ ي رت و . ﻣﻲ ﺑﺎﺷﺪ 054P TYCﺗﻮﺳﻂ اﻳﺰو آﻧﺰﻳﻢ ﻫﺎي 
، در (21ﺟﺪول )ﻣﺎﻫﻲ ﺳﻤﻲ اﻛﺴﻴﺪاﻳﺰر اﺳﺖ و ﺑﺎﻋﺚ آﺳﻴﺐ ﺑﻪ ﻏﺸﺎي ﻟﻴﺰوزوم در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ ﻣﻲ ﮔﺮدد 
 (.4ﺟﺪول ) ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت ﻧﻤﻲ ﮔﺮدد ﺣﺎﻟﻲ ﻛﻪ اﻳﻦ ﺳﻢ ﺑﺎﻋﺚ آﺳﻴﺐ ﺑﻪ ﻏﺸﺎي ﻟﻴﺰوزوم در
در ﻣﻄﺎﻟﻌﺔ ﻣﺎ در ﻣﻮرد ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻫﺮ دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎﻳﻲ ﻣﻴﺘﻮﻛﻨﺪري ﻫﭙﺎﺗﻮﺳﻴﺖ ﺗﻮﺳﻂ 
ﻣﺎﻧﻴﺘﻮل، دي )، ﺟﺎذب رادﻳﻜﺎل آزاد (آﻟﻔﺎ ﺗﻮﻛﻮﻓﺮول)ﻋﺼﺎره ي ﺟﻠﺒﻚ ﻛﺎﻫﺶ ﭘﻴﺪا ﻛﺮده و ﺗﻮﺳﻂ آﻧﺘﻲ اﻛﺴﻴﺪان 
ﭘﻴﺸﮕﻴﺮي ﺷﺪه اﺳﺖ ﻛﻪ ( ﻛﺎرﻧﻴﺘﻴﻦ، ﮔﻠﻮﻛﺰ و ﺗﺮي ﻓﻠﻮﭘﺮازﻳﻦ)  TPMد ﻛﻨﻨﺪه و ﻋﻮاﻣﻞ ﻣﺴﺪو( ﻣﺘﻴﻞ ﺳﻮﻟﻔﻮﻛﺴﺎﻳﺪ
  mΨ∆ (. 11و  3ﺟﺪول ) ﻧﺸﺎن ﻣﻲ دﻫﺪ آﺳﻴﺐ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري در ﻧﺘﻴﺠﺔ ﺗﺸﻜﻴﻞ رادﻳﻜﺎﻟﻬﺎي آزاد ﺑﻮده اﺳﺖ 
از ﻣﺎﺗﺮﻳﻜﺲ ﺳﺮﺗﺎﺳﺮ ﻏﺸﺎي داﺧﻠﻲ ﻣﻴﺘﻮﻛﻨﺪري ﺑﻪ ﺳﻤﺖ ﻓﻀﺎي ﻣﺎ ﺑﻴﻦ ﻏﺸﺎﻳﻲ  ﭘﻤﭗ ﻛﺮدن ﻣﺪاوم ﭘﺮوﺗﻮن ﺗﻮﺳﻂ
اﺳﺘﻔﺎده ﻣﻲ ﺷﻮﻧﺪ، ﻫﻤﻮاره ﺳﻘﻮط  esahtnys PTAﭼﻮن اﻳﻦ ﭘﺮوﺗﻮﻧﻬﺎ در ﻧﻮﺑﺖ ﺧﻮد ﺟﻬﺖ ﺗﺤﺮﻳﻚ . ر ﻣﻲ ﺑﺎﺷﺪﺑﺮﻗﺮا
ﻣﻴﺘﻮﻛﻨﺪرﻳﺎﻳﻲ ﻣﻨﺠﺮ ﺑﻪ اﺳﻴﺪوز داﺧﻞ ﺳﻠﻮﻟﻲ وآﺳﻴﺐ  PTAﻓﻘﺪان . ﻣﻲ ﺷﻮد PTAﻣﻨﺠﺮ ﺑﻪ ﻛﺎﻫﺶ ﻣﻴﺰان  mΨ∆
  .اﺳﻤﻮﺗﻴﻚ ﻛﻪ ﺑﺎﻋﺚ ﻟﻴﺰ ﺷﺪن ﻏﺸﺎي ﭘﻼﺳﻤﺎﻳﻲ ﻣﻲ ﺷﻮد
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ﻮﺳﻂ رادﻳﻜﺎﻟﻬﺎي آزاد ﻣﻲ ﺗﻮاﻧﺪ ﮔﺴﺘﺮش ﻳﺎﺑﺪ، ﺳﭙﺲ ﻫﻴﺪروژن ﭘﺮوﻛﺴﺎﻳﺪ ﻧﺎﺷﻲ از آﺳﻴﺐ ﻣﻴﺘﻮﻛﻨﺪرﻳﺎﻳﻲ اﻟﻘﺎ ﺷﺪه ﺗ
-artni ﻛﻪ ﺗﻮﺳﻂ( rebaH—ssieW)ﻣﻴﺘﻮﻛﻨﺪري ﺑﻪ داﺧﻞ ﻟﻴﺰوزوﻣﻬﺎ ﻣﻨﺘﺸﺮ ﻣﻲ ﺷﻮد وﻳﻚ واﻛﻨﺶ از ﺗﻴﭗ ﻓﻨﺘﻮن 
ﺗﻮﻟﻴﺪ اﻳﻦ واﻛﻨﺶ، رادﻳﻜﺎﻟﻬﺎي ﻫﻴﺪروﻛﺴﻴﻞ  ﺧﻴﻠﻲ ﻓﻌﺎل را . ﻛﺎﺗﺎﻟﻴﺰ ﻣﻲ ﺷﻮد ﺻﻮرت ﮔﻴﺮد nori evitca-lamososyl
در ﻧﺘﻴﺠﻪ ﭘﺮوﺗﺌﺎزﻫﺎي ﻫﻀﻢ ﻛﻨﻨﺪه ورادﻳﻜﺎﻟﻬﺎي . ﻣﻲ ﻛﻨﺪ ﻛﻪ ﻣﻲ ﺗﻮاﻧﺪ ﭘﻴﻮﺳﺘﮕﻲ ﻏﺸﺎي ﻟﻴﺰوزوم را ﻧﺎﭘﺎﻳﺪار ﻛﻨﺪ
  .آزاد ﻣﻲ ﺗﻮاﻧﺴﺘﻨﺪ داﺧﻞ ﺳﻴﺘﻮزول آزاد ﺷﻮﻧﺪ
ﻧﺘﺎﻳﺞ ﻣﺎ ﻧﺸﺎن داد ﻛﻪ آﺳﻴﺐ ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ اﻟﻘﺎ ﺷﺪه ﺗﻮﺳﻂ ﻋﺼﺎره ي ﺟﻠﺒﻚ ﺷﺎﻣﻞ آﺳﻴﺐ ﻏﺸﺎي 
ﻳﻜﻲ از اﻳﻦ آﻧﺰﻳﻤﻬﺎي ﭘﺮوﺗﺌﻮﻟﺘﻴﻚ . اد ﺷﺪن آﻧﺰﻳﻤﻬﺎي ﭘﺮوﺗﺌﻮﻟﻴﺘﻴﻚ ﻣﻲ ﺷﻮدو آز( 21ﺟﺪول ) ﻟﻴﺰوزوﻣﻲ 
وآﻏﺎز ﺟﺮﻳﺎن ﭘﺎﻳﻴﻦ روﻳﻲ  Cو ﺑﺎﻋﺚ آزاد ﺷﺪن ﺳﻴﺘﻮﻛﺮوم  TPMاﺳﺖ ﻛﻪ ﺑﺎﻋﺚ ﺑﺎز ﺷﺪن روزﻧﺔ  (D,L,B)ﻛﺎﺗﭙﺴﻴﻦ 
  .وآﭘﻮﭘﺘﻮز ﻣﻲ ﺷﻮد 3-ﺷﻮد ﻛﻪ در ﻧﻬﺎﻳﺖ ﻣﻨﺠﺮ ﺑﻪ ﻓﻌﺎل ﺷﺪن ﻛﺎﺳﭙﺎز
را درﮔﻴﺮ  054PYCﻳﻜﻲ از ﻣﺴﻴﺮﻫﺎ، . ﻫﺎي دﻳﮕﺮ داﺧﻞ ﺳﻠﻮل ﺗﻮﻟﻴﺪ ﺷﻮدﻫﻤﭽﻨﻴﻦ ﻣﻲ ﺗﻮاﻧﺪ ﺗﻮﺳﻂ ﻣﻜﺎﻧﻴﺰم   SOR
ﻳﻜﻲ از اﻟﻘﺎ ﻛﻨﻨﺪه ﻫﺎي  ﻗﺪرﺗﻤﻨﺪ اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ از ﻃﺮﻳﻖ ﺗﺸﻜﻴﻞ ﻣﺘﺎﺑﻮﻟﻴﺘﻬﺎي ﻓﻌﺎل   1E2PYC. ﻣﻲ ﻛﻨﺪ
  .ﺑﻴﻮﻟﻮژﻳﻚ واﻟﻜﺘﺮوﻓﻴﻞ در ﺳﻠﻮﻟﻬﺎي ﻛﺒﺪي ﻣﻲ ﺑﺎﺷﺪ
ﺟﻠﻮي ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ اﻟﻘﺎ ﺷﺪه ﺗﻮﺳﻂ ﻋﺼﺎره ي ( ﻓﻨﻴﻞ اﻳﻤﻴﺪازول) 1E2PYCﻧﺘﺎﻳﺞ ﻣﺎ ﻧﺸﺎن داد ﻛﻪ ﻣﻬﺎر ﻛﻨﻨﺪه 
را در  3-ﺟﻠﺒﻚ، ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي آزاد، آﺳﻴﺐ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري، آﺳﻴﺐ ﻏﺸﺎي ﻟﻴﺰوزوم و ﻓﻌﺎﻟﻴﺖ ﻛﺎﺳﭙﺎز
ﺑﺮاي اﻳﻦ ﻣﻨﻈﻮر، ﻣﻲ ﺗﻮان ﭘﻴﺸﻨﻬﺎد ﺷﻮد ﻛﻪ اﻓﺰاﻳﺶ (. 31و  21، 11، 01، 9ﺟﺪاول ) ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ ﮔﺮﻓﺖ 
  .ﻣﻲ ﺑﺎﺷﺪ 1E2PYCﻴﻞ ﻣﺘﺎﺑﻮﻟﻴﺘﻬﺎي ﻓﻌﺎل ﻋﺼﺎره ي ﺟﻠﺒﻚ  ﺗﻮﺳﻂ اﻳﺰو آﻧﺰﻳﻢ اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ ﻣﺮﺗﺒﻂ ﺑﺎ ﺗﺸﻜ
در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ ﺑﺎﻋﺚ ( ﺑﺮوﻣﻮﻫﭙﺘﺎن - n)ﻫﻤﭽﻨﻴﻦ ﻧﺘﺎﻳﺞ ﻣﺎ ﻧﺸﺎن داد ﻛﻪ ﺗﺨﻠﻴﻪ ﮔﻠﻮﺗﺎﺗﻴﻮن ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎ  
 اﻓﺰاﻳﺶ ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ اﻟﻘﺎ ﺷﺪه ﺗﻮﺳﻂ ﻋﺼﺎره ي ﺟﻠﺒﻚ، ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي آزاد ، آﺳﻴﺐ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري،
ﻫﻤﭽﻨﻴﻦ ﻧﺘﺎﻳﺞ ﻣﺎ ﻧﺸﺎن داد ﻛﻪ ( . 31و  21، 11، 01، 9ﺟﺪاول ) ﺷﺪ  3-آﺳﻴﺐ ﻏﺸﺎي ﻟﻴﺰوزوم و ﻓﻌﺎﻟﻴﺖ ﻛﺎﺳﭙﺎز
در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي رت ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ اﻟﻘﺎ ﺷﺪه ﺗﻮﺳﻂ ﻋﺼﺎره ي ( ﺑﺮوﻣﻮﻫﭙﺘﺎن - n)ﺗﺨﻠﻴﻪ ﮔﻠﻮﺗﺎﺗﻴﻮن ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎ  
، 3، 2، 1ﺟﺪاول ) را اﻓﺰاﻳﺶ داد  3-ﺎﺳﭙﺎزﺟﻠﺒﻚ، ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي آزاد ، آﺳﻴﺐ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري و ﻓﻌﺎﻟﻴﺖ ﻛ
ﺑﻨﺎﺑﺮاﻳﻦ ﻣﻲ ﺗﻮان اﺳﺘﻨﺒﺎط ﻧﻤﻮد ﻛﻪ در ﻫﺮ دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ، در اﺳﺘﺮس اﻛﺴﻴﺪاﺗﻴﻮ و ﺳﻤﻴﺖ ﺳﻠﻮﻟﻲ (. 5
   ﻃﺮح ﻫﺎي ﺗﺤﻘﻴﻘﺎﺗﻲ ﮔﺰارش ﻧﻬﺎﻳﻲ   /63
، ﮔﻠﻮﺗﺎﺗﻴﻮن ﻧﻴﺰ ﺑﺎ 1E2PYCﻣﺮﺗﺒﻂ ﺑﺎ ﻓﻌﺎل ﺳﺎزي ﻣﺘﺎﺑﻮﻟﻴﻚ ﻋﺼﺎره ي ﺟﻠﺒﻚ  ﻋﻼوه ﺑﺮ ﻧﻘﺶ اﻟﻘﺎﺋﻲ اﻳﺰو آﻧﺰﻳﻢ 
    .ﺷﺪﻋﻤﻠﻜﺮد ﻣﻬﺎري دﺧﻴﻞ ﻣﻲ ﺑﺎ
ﻛﻠﺮوﻛﻴﻦ، )در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ ﻣﻬﺎر ﻛﻨﻨﺪه ﻫﺎي آﻧﺪوﺳﻴﺘﻮز ﻟﻴﺰوزوﻣﻲ ﻳﺎ ﻫﻤﺎن ﻏﻴﺮ ﻓﻌﺎل ﻛﻨﻨﺪﮔﺎن ﻟﻴﺰوزوﻣﻲ
ﺑﻪ ﻋﻼوه، ﻋﻮاﻣﻞ ﻣﺴﺪود (. 11ﺟﺪاول ) از آﺳﻴﺐ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري ﭘﻴﺸﮕﻴﺮي ﻛﺮد ( ﻣﺘﻴﻞ آدﻧﻴﻦ-3ﻣﻮﻧﻨﺰﻳﻦ و 
اﻳﻦ، ﭘﻴﺸﻨﻬﺎد ﻣﻲ ﺷﻮد ﻛﻪ ﻳﻚ ارﺗﺒﺎط ﺑﻨﺎﺑﺮ(. 21ﺟﺪول ) ﺟﻠﻮي آﺳﻴﺐ ﻏﺸﺎي ﻟﻴﺰوزوم را ﮔﺮﻓﺖ  TPMﻛﻨﻨﺪه 
ﻣﺘﻘﺎﻃﻊ ﺑﻴﻦ آﺳﻴﺒﻬﺎي ﻣﻴﺘﻮﻛﻨﺪرﻳﺎﻳﻲ وﻟﻴﺰوزوﻣﻲ در  ﺗﺸﺪﻳﺪ ﺳﻤﻴﺖ ﻛﺒﺪي ﻋﺼﺎره ي ﺟﻠﺒﻚ در ﻣﺎﻫﻲ وﺟﻮد دارد 
  (.1ﺷﻜﻞ ) 
آﭘﻮﭘﺘﻮز ﺳﻠﻮﻟﻲ در ﻫﭙﺎﺗﻮﺳﻴﺘﻬﺎي دو ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ را زﻳﺎد  sediocirkylop muinidolhcoCﻋﺼﺎره ي ﺟﻠﺒﻚ 
و  5ﺟﺪول )ﻣﺸﺨﺺ ﮔﺮدﻳﺪ  3-ﻧﺪازه ﮔﻴﺮي ﻓﻌﺎﻟﻴﺖ  ﻣﺪﻳﺎﺗﻮر ﻧﻬﺎﻳﻲ آﭘﻮﭘﺘﻮز ﻳﻌﻨﻲ ﻛﺎﺳﭙﺎزﻛﺮده ﻛﻪ اﻳﻦ ﻣﺴﺎﻟﻪ ﺑﺎ  ا
،  ﺟﺎذب (آﻟﻔﺎ ﺗﻮﻛﻮﻓﺮول)، ﺗﻮﺳﻂ اﻧﺘﻲ اﻛﺴﻴﺪان 3-در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ، اﻓﺰاﻳﺶ ﻓﻌﺎﻟﻴﺖ ﻛﺎﺳﭙﺎز(. 31
ي ﻛﺎرﻧﻴﺘﻴﻦ، ﮔﻠﻮﻛﺰ و ﺗﺮ)  TPM، ﻋﻮاﻣﻞ ﻣﺴﺪود ﻛﻨﻨﺪه (ﻣﺎﻧﻴﺘﻮل، دي ﻣﺘﻴﻞ ﺳﻮﻟﻔﻮﻛﺴﺎﻳﺪ)رادﻳﻜﺎل آزاد 
ﻓﻨﻴﻞ ) 054P TYCو ﻣﻬﺎر ﻛﻨﻨﺪﮔﺎن( ﻣﺘﻴﻞ آدﻧﻴﻦ-3ﻛﻠﺮوﻛﻴﻦ، ﻣﻮﻧﻨﺰﻳﻦ و )، ﻏﻴﺮ ﻓﻌﺎل ﻛﻨﻨﺪﮔﺎن ﻟﻴﺰوزوﻣﻲ (ﻓﻠﻮﭘﺮازﻳﻦ
ﺑﺮرﺳﻲ ﻫﺎي اﻧﺠﺎم ﮔﺮﻓﺘﻪ ﺗﻮﺳﻂ ﻣﻴﻜﺮوﺳﻜﻮپ (. 31ﺟﺪول )ﻣﻬﺎر ﮔﺮدﻳﺪ ( اﻳﻤﻴﺪازول و دي ﻓﻨﻴﻞ ﻳﺪوﻧﻴﻮم ﻛﻠﺮاﻳﺪ
 (. 2ﺷﻜﻞ ) ﻓﻠﻮرﺳﺎﻧﺲ ﻧﻴﺰ ﺑﺮوز آﭘﻮﭘﺘﻮز را اﺛﺒﺎت ﻛﺮد 
ﮔﻮﻧﻪ ي رت و ﻣﺎﻫﻲ ﺗﻤﺎﻣﻲ ﺗﺴﺖ ﻫﺎﻳﻲ ﻛﻪ ﺑﺮ روي ﻋﺼﺎره ي ﺟﻠﺒﻚ اﻧﺠﺎم ﺷﺪ، ﺑﺮ روي ﻣﺤﻴﻂ رﺷﺪ  در ﻫﺮ دو
ﺟﻠﺒﻚ در ﻏﻠﻈﺖ ﻫﺎي ﻣﺨﺘﻠﻒ از ﺟﻤﻠﻪ ﺣﺪاﻛﺜﺮ ﻏﻠﻈﺖ ﻣﻤﻜﻦ ﻣﺤﻴﻂ رﺷﺪ ﻫﻢ ﺻﻮرت ﮔﺮﻓﺖ ﻛﻪ در راﺑﻄﻪ ﺑﺎ 
ﺳﻴﺐ ﻛﻠﻴﻪ ي ﻣﺎرﻛﺮﻫﺎي ﺳﻤﻴﺘﻲ اﻋﻢ از ﺳﻴﺘﻮﺗﻮﻛﺴﻴﺴﻴﺘﻪ، ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي آزاد، آﺳﻴﺐ ﻏﺸﺎي ﻣﻴﺘﻮﻛﻨﺪري، آ
ﺟﺪاول )ﻫﻴﭻ اﺧﺘﻼف ﻣﻌﻨﻲ داري در ﻣﻘﺎﻳﺴﻪ ﺑﺎ ﺳﻠﻮل ﻫﺎي ﻛﻨﺘﺮل ﻣﺸﺎﻫﺪه ﻧﺸﺪ  3-ﻏﺸﺎي ﻟﻴﺰوزوم و ﻓﻌﺎﻟﻴﺖ ﻛﺎﺳﭙﺎز
ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ اﻳﻦ داده ﻫﺎ ﺑﺎ اﻃﻤﻴﻨﺎن ﻣﻲ ﺗﻮان ﺑﻴﺎن ﻛﺮد ﻛﻪ ﺟﻠﺒﻚ (. ﻣﺎﺑﻘﻲ داده ﻫﺎ ﻧﺸﺎن داده ﻧﺸﺪه اﻧﺪ. 61و  51، 8، 7
  .ﻴﻂ ﻧﻤﻲ ﻛﻨﺪ و ﺟﺰء ﺳﻤﻲ در داﺧﻞ ﺧﻮد ﺟﻠﺒﻚ ﺑﺎﻗﻲ ﻣﻲ ﻣﺎﻧﺪﺟﺰه ﺳﻤﻲ را وارد ﻣﺤ sediocirkylop muinidolhcoC
ﻧﺘﺎﻳﺞ ﻣﺎ ﻧﺸﺎن داده ﻛﻪ در ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ و رت، ﻋﺼﺎره ي ﺟﻠﺒﻚ ﺑﺎ ﺗﻮﻟﻴﺪ رادﻳﻜﺎﻟﻬﺎي آزاد، ﻟﻴﺰ ﻏﺸﺎي 
ﺳﻤﻴﺖ را اﻟﻘﺎ ﻣﻲ ﻛﻨﺪ    3- ﻫﭙﺎﺗﻮﺳﻴﺖ، ﻛﺎﻫﺶ ﭘﺘﺎﻧﺴﻴﻞ ﻏﺸﺎﻳﻲ ﻣﻴﺘﻮﻛﻨﺪري، ﺗﺨﻠﻴﻪ ﮔﻠﻮﺗﺎﺗﻴﻮن و ﻓﻌﺎل ﻛﺮدن ﻛﺎﺳﭙﺎز
ﺗﻔﺎوت اﺻﻠﻲ در ﺳﻤﻴﺖ در دو . ﻤﻪ ﺑﺎ ﻫﻢ ﻣﻲ ﺗﻮاﻧﺪ ﺑﻪ ﻣﺮگ ﺳﻠﻮﻟﻲ ودر ﻧﻬﺎﻳﺖ آﺳﻴﺐ ﻛﺒﺪي ﻣﻨﺠﺮ ﺷﻮدﻛﻪ اﻳﻦ ﻫ
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ﮔﻮﻧﻪ ﻧﻘﺶ آﺳﻴﺐ ﻟﻴﺰوزوﻣﻲ  در ﺳﻤﻴﺖ اﻳﺠﺎد ﺷﺪه در ﮔﻮﻧﻪ ي ﻣﺎﻫﻲ اﺳﺖ، در ﺣﺎﻟﻲ ﻛﻪ آﺳﻴﺐ ﻟﻴﺰوزوﻣﻲ ﻧﻘﺸﻲ 
 .در ﮔﻮﻧﻪ ي رت ﻧﺪارد sediocirkylop muinidolhcoCدر ﺳﻤﻴﺖ ﺟﻠﺒﻚ 
در دو ﮔﻮﻧﻪ ﺑﻪ راﺣﺘﻲ ﻣﻴﺘﻮان ﺑﻪ اﻳﻦ ﻧﺘﻴﺠﻪ رﺳﻴﺪ ﻛﻪ  اﺛﺮ ﺳﻤﻲ ﻋﺼﺎره ي ﺟﻠﺒﻚ   05CEﻳﺴﻪ از ﻃﺮف دﻳﮕﺮ ﺑﺎ ﻣﻘﺎ
ﺑﺮاﺑﺮ ﺑﻴﺸﺘﺮ از اﺛﺮ ﺳﻤﻲ آن ﺑﺮ روي  021ﺑﺮ روي ﻫﭙﺎﺗﻮﺳﻴﺖ ﻫﺎي ﻣﺎﻫﻲ ﺣﺪاﻗﻞ  sediocirkylop muinidolhcoC
  . ﻫﭙﺎﺗﻮﺳﻴﺖ رت اﺳﺖ
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Abstract 
In this research, we investigated and compared the cytotoxic mechanisms of aqueous extract of C.polykricoides 
responsible for a severe and widespread HAB in the Persian Gulf and Gulf of Oman (2008-2009) in  both 
isolated rat  and trout liver hepatocytes. In addition, the role of oxidative stress and mitochondria in the induction 
of apoptosis were also investigated. Isolated hepatocytes were obtained by collagenase perfusion of the rat liver. 
To determine the hepatocyte “ROS” generation, dichlorofluorescin diacetate was used as the reagent. The uptake 
of the cationic fluorescent dye, rhodamine 123, has been used for the determination of hepatocytes mitochondrial 
membrane potential.  Redistribution of  lysosomotropic  probe, acridine orange  from lysosomes into cytosol was 
used for determination of lysosomal membrane damage. GSH and GSSG were determined using 
spectrofluorometric method. Caspase-3 activity and apoptosis phenotype were also determined using ‘‘Sigma’s 
caspase-3 assay kit and Sigma–Aldrich apoptosis detection kit, respectively. Incubation of algal extract with 
isolated rat hepatocytes caused hepatocyte membrane lysis, reactive oxygen species formation (ROS), 
glutathione depletion, collapse of mitochondrial membrane potential, ATP depletion and increase in ADP/ATP 
ratio, cytochrome c release in to the hepatocyte cytosol, activation of caspases cascade and appearance of 
apoptosis phenotype. antioxidants (α-tocopherol succinate and BHT), hydroxyl radical scavenger (mannitol and 
DMSO), Mitochondrial permeability transition (MPT) pore sealing agents (cyclosporine A, carnitine and 
trifluoperazine), NADPH P450 reductase inhibitor (Diphenyliodonium chloride), CYP2E1 inhibitors 
(Phenylimidazole and 4-Methylpyrazole) and ATP generators (L-glutamine, Fructose and Xylitol) inhibited the 
activation of caspase-3 and cell death. Our data showed, that algal extract activate apoptosis signaling via 
oxidative stress and mitochondrial pathway. ROS formation could directly be involved in mitochondrial MPT 
pore opening and activation of caspases cascade leading to toxic effect of C.polykricoides extract  on both rat and 
trout  hepatocytes. These findings contribute to a better understanding of C.polykricoides-toxic effects on 
mammalian and aquatic liver cells. Our findings revealed that trout hepatocytes are much more sensitive ( more 
than two hundred folds) to toxic effects of C.polykricoides extract  than rat hepatocytes. On the other hand the 
algal extract induced lysosomal membrane damage only in trout but not rat hepatocytes.  
Keywords: C.polykricoides, cytotoxic, rat  and trout ,Persian Gulf,Iran 
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